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(54) Optical transmitter and optical transmission system 



(57) opticat tfansmltter having a function whicli 
compensates tor wav^ength dispersion is provWed wrtii 
a plurafity ol nght sources for outputting iight having 
waveiene^ tiiat differ from one another. Before the 
optical transmissian sy«tem.begins operating, the wave- 
length of Eglit output to an c^itkai transmlsston line is 
varied by changing over the light sources in Older to 



detect a wavelength wtiose transmission characteristic 
is optimum with regard to wavelength dispersion exhto- 
ited by this optical transmlBSion line. During system 
operation, the light having the detected optimum wave- 
length is output to the optical transmission line. 
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Description 

BACKGROUND OF THF INVENTION 

5 [0001] TTiis invention relates lo an optical transmitter and optical transmission system. More particularly, the inven- 
tion relates to an optical transmitter and optical transnfesion system having a function which cortpensates ior wave- 
length dispersion in order to realize larger capacity, higher speed and longer transmlsBlon distance. 
[0002] niough 10-Qbps optical transmission systems are cun-ently in practical use, ttiere « growing demand ior 
networks ol greater capacity owing to a marked increase ti utilization of networks in recent years. In particular, highly 

10 precise dispersion compensation is required at transmission speeds above 1 0 Obps. This means that measuring the 
disperston value of an opBcal transmission line accurately and then compensating for Itils value is essential. The 
present invention relates to monitoring of the disperaon value of an optical transmissiwi line and to a technique tor opti- 
mum compensation of dispersion. 

[0003] Signal energy contains a variety of components (different frequency components and different mode oom- 
is ponents), and signal waveform distonion will occur at the receiving end unless signal propagation delay time is con- 
slant. The phenomenon which is the cause of this delay distortion is refen-ed to as Idlspersion" and decides the 
transmission capacity of an optical f ber. In order to realize a further increase in capacity, speed and transmission dis- 
tance in an optical transmission system, there is need for a technique for measuring dispersion with high precision and 
for eompmsafing for this dispersion. 
» [0004] In a 40-Obp8optk»l transmission system^ wavdength dispersion is one factor that limits transmission dis- 
tance. Di^sion tolerance decflnes ait the square of ttie bit rate, At 40 Gbps, dispersion tolerance is 30 ps/nm, whteh 
is much lower in comparison with a dispersion tolerance of about 800 ps/nm at 10 Gbps. Fig. 74A Illustrates the rela- 
tionship between amount of dispersion compensation and power penalty based upon a transmission experiment using 
40-Gbps OTDM (optical time division multiplexing), 1 .3-fim zero-dispersion SMF (Single-Mode Fiber) having a length 
2S of 50 km. Fig. 74B shows ttie measurement system. The system shown in Fig. 74B includes an optical transmitter TX, 
a receiver RX, 1 .2-m zero-dispersion SMF having a length o# 50 km, and -920-ps/nm fixed-dispersion compensated 
fiber CB. 

[0005] Though 1 .3-tim zero-dispersion SM F has been used for opt cal transmisaion lines, dispersion at high trans- 
misrion speeds imposes limitalions. In recent years, therefore, dispersion-shifted optkal fiber for the purpose of reduc- 
30 ing dispersion by shifting the zero<llspersion wavelength tiram 1.3 to 1.55 jim has been devekjped and laid. The 
wavelength of light output from the transmitter is 1 .55 mn. As a consequence, 1 .55-nm light is transmitted via the 1 .3- 
ixm zero-dispersion SMF laid ongineily. 

[0006] When a 40-Qbps baseband signal is transmitted by a 1 .55-M.m optical signal via a i .3-{im zero-dispersion 
SMF having a length of 50 km, dispersion of 920 ps/hm is produced. Accordingly, if 100% dispersion compensation is 

3S applied using the -920-ps/hm fixed-dispersion compensated fiber CB, reception sensitivity degradation will be 0 dB. 
However, if the amount of dispersion compensation Is much larger or smaller than 1 00% dispersion compensation (= - 
920 ps/tim), reception sensKivHy degradation rises and becomes 1 dB at amounts of disperdon compensation of -905 
ps/nm and -935 ps/nm, as shown In Fig. 74A. In other words. If further diversion in excess of ±15 ps/nm occure at 
1 00% dispersion compensation (amount of dispersion compensation - -gzo ps/nm), receptnn sensitiviiy degradation 

40 win exceed 1 dB. 

[0007] Accordingly, dispersion compensation tolerance when a power penalty of less than l dB fs adopted as a 
condition for enabling transmission Is a low 30 ps/nm, meaning that precise dispersion corrpensatlon must be cairied 
out, Further, owing to temperature and stress which acts upon the optical fiber, the amount of change in transmission- 
line dqjersion must be measured and the amount of dispwsion compensation must be optimized within this nan-ow tol- 
45 erance in conformity wHh change with the passage of time. Tolerance deviation Dj due to temperature is as follows 
assuming a transmission line of SMF having a length of 50 km and a temperature change of -50*0 to +100'C: 

Dj- 0.03 (nm/'C) x 150 ("C) x 0.07 (ps^im^/km) x sfi (knO 
so <■ 15.8 (ps/nm) 

Thus there Is the danger that the dispersion compensation tolerance of 30 ps/nm will not be met 
[0008] Rg. 75 is a characteristic diagram of wavelengtti dispersion, in which the wavelength (nm) of light output 
from an optical transmitter is plotted along the horizontal axis and amount of wavelength dispersion is plotted along the 
55 vertical axis. When a 40-Qbps baseband signal is transmitted by a 1 .55-nm optical signal via a 1 .3-nm zero-dispersion 
SMF, dispersion of 920 ps/nm is produced, as mentioned above. Accordingly, if 100% dispersion compensation is 
applied using the -920-ps/nm fixed-dispersion compensated ftoer CB, wavelength dispersion becomes zero at 1.552 
Jim. The zero-diversion wavelength is l ,552 (im (= 1552 nm). If ttie wavelength of light output by the optical transmitter 
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^S^fpr^S'^ zero-dispersion wavelength, wavelength dispersion of an amount indicated by the straight Kne in Rg. 
[0009] A method using 40-GHz component intensity In the baseband spectrum of an OTDM signal and NR2 sianal 

Schr™?3i-" " "'^^'^'^ ^'^P^^ conpens^rrhis method utlfeeTa cterScT 

which the arnount of dispere.on becomes zero and the eye pattern openness is maximized at a minimum point behveen 
two peaks of the 40-QH2 conponent intensity. ^ oeween 

iS^Jittn /I'l^!"'^ results of simulations of 40-QHz component intensity and eye openness with 

^1°^ amount of diversion ,n case of a 40-Qbpe NRZ a'gnal. in which dispersion value (p^nm) isplotted atong C 
horizontal axis and 40-Gbps component intensity and eye openness are plotted along the vertical axis. FirTOA ?s fcj 
a case where a >o holds and Fig. 76B for a case where a <0 holds, where a is a chinj parameter representing direction 
i^l^L?hl'5l^'"°^ filfJ'™""* * 'ra™mfesion wavefornt Wavelength fluctuation (chirp) 

occurs When the voltage appHed to an optical modulator increases or decreases owing to a rise and fall in a data oulS 
tSi2 r'f^J'!°''r'' ?^ '^'^ «*9eof a pulse on the receiving side l? delayed aSTeXeS^'S 
he pu se is ac^/anced (a < 0}, or (2) the rising edge of a pulse on the receiving side Is advJced and the tallb^ Se 3 

of the former and is reduced by being stretched along the time axis in the case of the latter 

TJL. ™i^"?"" """^ " " '^rr^r^eat intensity peaks 

o^i^^ttTh *^tiir'"°ru'" P^""'' «=P«=«vely, and the minimum^ueS 

J?i^u ' '^'^'^ tl^^ openness is ma»mum. The reasw, 

Mm) and the eye opertness e maximum Is that in the ease of the NRZ signal, 40 Gbps corresponds to 20 QHz and to 

tOO«] Figs. 77A and 77B illustrate the temperature characteristic (experimental values) of wavelenoth vs 

perahjres of -35 to +6S«C using a DSF having a length of 100 km. in which Fig. 77A is Ibra case where a > 0 holds Ihd 

SiSim Si i,!? JO-GHz component intensity in each Figure indicates the zero-dispersion wavZgS 
(amount o< dispersion = 0) at plus and minus values of «. K will be understood that the 28ro^i^ ereion wave M 

istrrrear^co^.^^^^^ 

l^nJr^,^"^^'-^ "^^"^ zeroKlispersion wavelength and make the wavelength of light output 

to the optical transmtesion line equal to this zero<Jtspereion wavelength on the sending side. HowevTslnce the z^ 
dispers|0nwav9ler,Blh must bedelectBd.it is necessaryforthe wavelength of lig^^ 

^ J? ''^^^^^ *° ^"^"^ °* complications and for reasons of cost ° 

^r^L.^T^ * semiconductor array laser (In which a number of laser-diode chips are fbmied on a single wafer) 
currenttyuKlergo«g research orapiurality of discrete semiconductor lasers used in 

engtt^s light is interrupted when wavelength is swHched and. as aresult, Intenupfion of thetiansmitt^ signal oSii 
SUMMARY OF THE INVFNTinN 

tTn51icdni^!!!!tl*'^'^"J^^^ P'""*"* '""^ ^ compensate for wavelength dispersion in an optical 

^ °^Tl: *° ^, transmission line, light having 6 wavelength for wNch the transmiSion 

TJ^2^ of wavelength changeover even If a piurality of light sources having deferent wavelengths are 

" °' ^ semiconductor array laser or a plurality of discrete semiconductor lasers 
S . o '""^^l"^'^' P^«««"t '"^^to" to so arrange it that wavelength can be switched in a sin)ple wan- 

1, ,r^^!^^l°^^ *° ^ 'hat dispersion conpensation can be can-fed 

.ieS^arltf''^ '^^^^ 
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[001 9] Still another object of the present invention is to so arrange it that signal degradation ie prevented by elimi- 
nating or reducing signal delay before and after wavelength changeover even in a case where a plurality of light sources 
having different wavelengths are used. 

[0020] Still ano^er daject of the present invention is to compensate for wavelength dispersion in an optical trans- 
s mission line by multiplexing monitoring light with main-signal light, detecting whether zero-dispetsion wavelength has 
shifted in the direction of long wavelength or short vravelength and whether zero-dispersion wavelength has become an 
intermediate wavelength between wavelengths of rjeighboring light sources, and changing over light sources when 
zero-dispersion wavelength becomes an intermediate wavelength between wavelengths of neighboring liglit sources. 
[0021] Yet another object of the present invenfion is to improve detection precision of, e.g., the direction of fluctua- 
10 tion of zero<iispension wavelength by makiig the polarization of main-signal light orthogonal to the polarization of mon- 
itoring light in a case where monitoring light is mul^slexed with main-signal light and then transmitted. 
[0022] A further object of the present invention is to mate it possible to support any optical modulation scheme, 
such as NRZ modulation, RZ modulation and CfXDM nwdulatlon. 

[0023] Yet another object of the present invention is to compensate for wavelength dispersion of an optical trans- 
fs mission line by multiplexing main^ignal light arxi two monitoring liglit beams, in which the wavelengths of the main-sig- 
nai light and monitoring light are different from each other, and changing over the main-signal light when the zero- 
dispersion wavelength fluctuates and the intensity ratio of two wavelengths between which the zero-dispersion wave- 
length is sandwiched attains a predetermined value. 

[0024] Yet another object of the present invention is to so arrange it that wavelength diBpersion compensation can 

£0 be applied to a wavelength muH^lexing optical transmiesion system. 

[0026] In accordance Mrtth the present Invention, the foregoing objects are attained by providing an optical transmit- 
ter having a wavdengti dispersion compensating function, comprising: a plurality of light sources for outputting light 
having wavelengths that differ from one another; and means for outputting, to an optical transmission line, light of a 
wavdength whose transmission characteristic is optimum with regard to wavelength dispersion exhibited by this optical 

25 transmission line, the output light being obtained from light output by the plurality of light sources. 

[0026] Further, in accordance with the present invenfion, the foregoing object is attained by providing an optical 
transmitter having a wavelength dispersion compensating function, comprising : a plurality of light sources for outputting 
light having wavelengths that differ from one another; means for outputting. to an optical transmission line, light of a 
wavelength whose transmission characteristic is optimum with regard to vwivelwgth dispersion exhibited by this optical 

30 trarsmiesion Hne, the output light being obtained from light output by ttie plurality of fight sources; and means for chang- 
ing over the light generated by the Gght sources and outputting this Ight to the optical transmission ine. thereby chduig- 
Ing tiie vravelength of 11^ output to the oplicai transmission line; wherein the wavelength of light output to the optical 
transmission line is changed, before start of operation of an optical transmission system, In order to detect a wavelength 
whose transmission characteristic is optimum wUn regard to the wavelength dispersfon exhibited by Ills optical trans- 

35 mission line, and the light having ttie defected optimum wavelength is output to the optical transmission line during sys- 
tem operation. 

[0027] Further, in accordance with the present invention, the foregoing object is attained by providing an optical 
transmitter having a wavelength dispersion compensating function, ooniprising : a plurality of light sources for outputting 
light having wavelengths that differ from one another; means for outputting, to an optical transmission line, light of a 

40 wavelength whose tranemission characteristic is optimum with regard to wavelength dispersion exhfoited by this optical 
transmission line, the oUput ligl^ being obtained flnom light output by the plurality of ll{^ Bources; and means Ibr caus- 
ing fluctuation of the wavelength of the light output to flie optical transmission line in order to detect a wavelength vihose 
transmission characteristic is optimum with regard to wavelength dispersion exhibited by this optical f ansmiaston line; 
wherein the light having the detected optimum wavelength is output to the optical transmission line during operation of 

4B an optical transmission system. 

[OOaaj Further, in accordance with the present invention, the foregoing object is attained by providing an optical 
transmitter having a wavelength dispersion compensating function, comprising: a plurality of light sources tor outoutting 
light having wavelengths tfiat differ from one another ; means for outputting, as main-signal light to an optical transmis- 
sion line, light of a wavelength whose transmission characteristic is optimum with regard to wavelength dispersion 

90 exhibited by this ppticai tansmisston line, the output light being obtained from KgN output by the plurality of light 
sources; and means for multiplexing, wHh the main-signal Ight. monitoring light for detecting a wavelength whose trans- 
mission characteristic Is optimum virtth regard to wavelength dispersion ffithlbited by thte optical transmission line; 
wherein the monitoring tight is multiplexed with the main-signal Ught during operation of an optical transmission system 
and the tight having the detected optimum wavelength is output to the optical transmission line as the main-signal light. 

65 [0029] Other features and advantages of the present invention will be apparent from the following description taken 
in conjunction with the accompanying drawings. 
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BRIEF DESC RIPTION THE DRAWINGS 



Fig. 1 1B a diagram useful in describing an overview of a first aspect of the present Invention- 
Fig. 2 IS a diagram useful in describing an overview of a second aspect of the present invention; 
Fig. 3 IS a diagram useful in describing an overview of a thinj aspect of the present invention- 
Fig. 4 IS a graph showing the relationship between wavelength and delay time- 
Figs. 5A and SB are diagrams useful in describing methods of switching amor^ fight sources- 
sourceliSngths"^^"" * °* 0°"fr0ll'"9 laser injection current when switching among light- 

™« ^• relatiorsNp between maximum wavelength spacing of light sources and dispersion 
cornpensatKHi precision; 

S;,^ nn!^!T ^ Y ^^e const-uction of an optical transmitter having a plurality of light 

rzKwr'^ ^ 

n^htliulliTJI-if 1"*'°"." *^ construction of an optical transmitter having a plurality of 

M diagrams illustrating a third example of the construction of an optical transmitter having a 
Ss?^t?ut in mSiLT ^"^^ ^™ P"'"^ " ^ ^ MI-DFB-S'S.: 

11 1 1" t^TJI'"^''"*' construcfion of an optical transmi'tter having a plurality of 

int3^f::s:nr«sj;'"*"'^'^ 

^ IVlrJr^"^- I"^^*'"*' ^"^^ °* "'"struction of an optical transmitter having a plurality of 

SSng liSwr ^ "^'^ P"^'*^** ^ fight sources and astar coupler i^u^Jfor 

Sinl^i' ^ '^^'^l illuBlraling an embodiment in which dispersion compensation is performed in a case where 
optimum wavelength is already known; ^ ™ i a mob nnere 

Sn liif "^'T"^ illustrating a modification (multiple-repeater transmission) of an embodiment in which dsper- 
sion compensation is performed in a case where optimum wavelength is already i^iown; ^ 

Snlm'v^SrgSKai^;^^^^ 

Fig. 16 is a diagram showinB the feedbacl<'an«ngement of a dispersion monitoring sional; 
SnlLlwT'" ^ modification (in which the transmission line is an SMF) for perlbrming dispereion 

comper^sation in a case where a change in wavelength is small when optimum waveiength Isunknown- 
Fig 18 is a diagram illustrating another embodiment (using light attenuators) for performing dispersion rompensa. 
won m a case where a change in wavelength is small when optimum wavelength is unknown; ^ 
™L! ^J!^^^"" '"ustrating another embodiment (using a variable-wavelength fiHei) for performing dispeision 
Mmpensatwn in a case where a change In wavelength is small when optimum wavelength is unknown- 
Fig. 20 is a diagram showing the construction of the variable-wavelength filter- 
Fig. 21 is a diagram showing the tuning characteristic of the variable-wavelen^ fitter; 

Fig. 22 is a diagram Illustrating an embodiment (fluctuating wavelength) for peribrming disperaion compensation in 
a case where a change in wavelength is large when optimum wavelength is unknown compensation in 

Fig. 23 is a drcuit diagram of an ATC circuit; 

Fig. 24 13 a graph showing the relationship between wavelength and monitoring oonponent intensity; 
Fig. 25 IS a diagram illustrating an embodiment (with fluctuating wavelength and using a fight attenuator) for uer- 
S'nZwn?"''"'" ' '''' « ^^"f^ -«v«'en^?h is large Xn IJ^mum wavSJ^gtMs 

^JUnfr^ ' "'T"" ^" embodiment (wi'th fluctuating wavelength and using a variaWe-wavelenglh filter] 

STunkSi;^''''''" " ^ -^^^^ 'arge when optimum wave' 

diSe^T^SSS^ 

Fig. 28 is a diagram illustrating an embodiment (using monitoring light) for perfbmiing dispersion comoensation in 
a case where a change in wavelength is large when optimum wavelength is unknown ^-^P^^sation in 

Fig. 29 IS a flowchart of processing for wavelength^Jispersion compensatfon at the tinU of system operation; 
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Fig. 30 is a diagram useful in describing control for switching wavelengtli to the long-vravelength side; 
Rg. 31 is a diagram usoful in descyibing control for switching wavelength to the short-wavelength side; 
Rg. 32 is a diagram useful in describing range Of f Itering width; 

Figs. 33A and 33B are diagrams ussy in describing wavelength relationship iMtween monitoring light and main- 
signal light; 

Fig. 34 is a diagram showing an errtodimenf uang a wavelength-dispersion monitor for calculafing amount of 
wavelength dispersion from a pulse Interval; 

Figs, 3SA, 35B and 35C are diagrams useful in describing the principle for calculating amount of wavelength dis- 
persion; 

Fig. 36 is a diagram showing an embodiment using a wavelength-dispersion monitor tor calculating amount of 
wavelength dispersion from a pulse interval; 

Rg. 37 Is a diagram ilustrating an embodiment (using monitoring light and light attenuatots) for performing disper- 
sion compensation in a case where a change in wavelength is large when optimum wavelength Is unknown; 
Rg. 38 Is a diagram Illustrating an embodiment (using monitoring light and a vari^e-wavelength filters) for per- 
forming dispersion confjensation In a case where a change In wavelength is large when optimum wavelength is 
unknown; 

Fig. 39 is a diagram showing an embodiment in which main-signai light and monitoring light are rendered orthogo- 
nal; 

Rgs. 40A, 40B and 40C are diagrams useful in describing detection of wavelength changeover point; 

Rg. 41 is a diagram showing the configuration of an optical transmission system; 

Fig. 42 shows the flow of processing tor wavelength dispersion compensation (initial setting); 

Rgs. 43A, 43B, 43C and 43D are diagrams useful in desaibing dispersion compensation processing in a case 

where zero-dispersion wavetength moves toward the long-wavelength side; 

Fig. 44 shows the flow of processing tor wavelength dispersion compensation in a case where zero-drsperelon 
wavelength moves toward the long-wavelength side (where changeover of monitoring light and changeover of main 
wavelength are indicated): 

Rg. 45 shows the flow of processing tor waveiengtti dispersion compensation in a case w^ere zero-dispersion 
wavelength moves toward the long-wavelength side (control of main-wavelength changeover); 
Rg. 46 Is a diagram useful in describing control of changeover of main-signal light; 

Rgs. 47A, 47B and 47C show the results of experimentation in a case where two waves are used in detection of 
optimum wavelength; 

Rg. 4S shows the flow o1 processing tor wavelength dispersion compensation in a case where zero-dispersion 
wavelength moves toward the short-wavelength side (vKhere changeover of morttoring light and changeover of 
main wavelength are indicated); 

Ftgs. 49A, 49B, 49C and 49D are diagrams useful in desaibnig a case where zero-disperston wavelength moves 
toward the short-wavelength side; 

Rg. 50 shows the tlow of processing for wavelength dispersion compensation in a case where zero-dlspeision 

wavelength moves toward the short-wavelength side (control of main-wavelength changeover); 

Rg. 51 Is a diagram useful in desaibing control of changeover of main-signal light; 

Figs. 52A and 52B are diagrams of component intenBlly characteristics tor respective types of modulationi 

Rg, S3 Is a diagram useful In describing an embodiment In whteh main-signal light Is oomrolled in such a manner 

that the Intensity of a specific fi-equency component tains on *ie maximum value; 

Rgs. 54A to 54F are diagrams useful In describing direction of fluctuation of wavelength tor which intensity is max- 
imum; 

Rg. 55 is a diagram useful in describing fundamentals in a case where uae is made of two wavelengths employing 
the peak of an intensity component; 

Rg. 56 is a diagram showing the configuration of an optical transmission system in which changeover of main-sig- 
nal light is controlled upon detecting a wavelength of for which intensity is maximum; 

Rg, 57 is a diagram showing a modification of Hie optical transmission systerft In which changeover of main-signal 
light is controlled upon detecting a wavelength of for which intensity is maximum; 

Fig. 58 is a diagram useful In describing a case where a wavelength for which the intensity of a specific frequency 
componerrt indicates the minimom value is detected and main-signal light for which the Intensity of a specific fre- 
quency componert is maximized Is sent to an optical transmisdon line; 

Figs. 59A. 598, 59C and 59D ere diagrams useful in describing a case where three waves are used in detection of 
optimum wavelength; 

Fig. 60 is a diagram showing the configuration of an optical transmission system in which vraveiaigth dispersion is 

compensated for using three waves, namely midn-signal light and two monitoring light beams; 

Rg. 61 shovK the flow of processing for wavelength dispersion compensation in a case where tiiree waves are 
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used (initial setting); 

uL?J^r^^^'°" °* processing for wavelength dispersion compensation in a case where three waves are 
used (where changeover of monitoring light and changeover of main wavelength are Indicated)- 

u!L L*°?«r^ 'i'"" °^ f "^l"^?" ^' dispersion compensation in a case whe;e three waves are 

used (control of main-wavelength changeover): 

Fig. 64 is a diagram useful in describing control of changeover of main-signal light; 

length ri^L^tiSg^ """"'"^ °' " multiplexing optical transm-ssion system (n-«ave- 

S'rh^li' R«! TJ!2 J^'???""^ ^^"'^'"S a <=ase where wavelength multplexing is performed In 

Si ♦ '""States an initial state, Fig. 66B a case where optimum wavelength has been movSSSd ihe 

Fig. 67 Is a diagram showing a system conflguratfon When Ibur waves are multiplexed' 
Fia 68 IS a diagram useful In dsecritnng a case where lour waves are multiplexed- 

69 IS a diagram showing a system configuration when tour waves are multiplexed- 

70 IS a diagram shoviSng a system configuration when fbur waves are mUtiplexexl- 

71 IS a diagram Ibr desaibing four-wave multiplexing; 

sourSsaJe^eSr'^"^*''''^'^"'**''"'^'"™'"^"^ 
Mur2^\^*ll2d-'" '^^ "^if'catioi of wavelength multiplexing in a case where variable-wavdength light 

^™ ""T™ "''"^"^ relationship between amount of dispersion compensation 

OTDwZtiSl Sh'*, "^-"f^^^nt system, based upon a transmission expeSment usii^^SS^s 

OTDM (optcal time division multiplexing). 1.3.^m zero<lspereion SMF having a length^SO km- 
Fig. 75 IS a characteristic diagram of *wvelenglh dispe^ion- 

?m.T7A and 77B illustrate the teirparature characteristic (experimental values) of wavelength vs 40^Hz com- 
ponent intensity in the case of the 40-Gbps NflZ signal. waveiengm vs. 4{M3Hz con- 

DESCRIPnON OF THE PRPFFRRPH cmbqdimfmt.q 

(A) Ovenriew of the present invention 

(a) Construction 

fSSi ^hln S L? f IT'™ ^" '^"^ aspects of the present invention. 

[0032] Shown in Figs. 1 to 3 are an optical transmitter 10, an optical receiver 20, an optical transmission Hne aoan 

f la optimmi In regard to wavelength dispersion of the optical transmission line, and an ootlcal 

heSStJ^TJsssiTirn"'''*''^^ 

end farm^ri hi transmitter 1 0 includes a plurality of light sources 1 1 , ■ 11„ having different wavelengths (X, - K.) 

^ ""^y laser or a plurality of di«:rele semiconductor lasers; an optcal output unrt 2 fo 

trS.r''r'^'l!''*^'"'"''^°^"™"3''*"**^'^««""«^^ 

S^riirJl^'l '^'^ *"^'^"9th to the optical transmission line based ^,Sn^S 

fhttcU«a^Si2e?r^^ 

rXllrZ * '^^^"S'"^' « prescribed frequency, the wavelength of the light 

ll^ai?4n™St ■ " for multplexing monitoring lighi 

(b) Overview of first aspect (Fig. 1) 

lf°!^ Lvel^'rS!*^^^ sources 1 1 1 - 1 1 „ fbr generating light having different wavelengths - ;^ are provkled. 
If the wavelength (the zennlispersion wavelength) that will have the optimum transmission dharaSerisSc in reraS to 
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wavelength dispersion exhibited fay the optical transmission line is already known, the optical output unit 12, under the 
control of the output wavelength controllsr 13a, outputs to the optica! transmlssbn line 30 the it^ beam whose wave- 
length is closest to the optimum wavelength among the light beams produced by the plurality of light sources. If the opti- 
mum wavelength is not known, then, before the optical transmission system starts operating, the optical output unit 12, 
under the control of tiie outpirt.wavelength controller I3a, changes the wavelength of light by successively outputting to 
the optical transmission line 30 prescribed light beams from among the light beams produced by the plurality of light 
sources, and the optimum-wavelength detector 40 notifies the output waval ength controller 1 3a in optical transmitter 1 0 
of the timing at which the intensity of a specific frequency component in a received baseband ^ectrum signal is mini- 
mized. The omput wavelength controller 13a recognizes the zero-diversion wavelength from the wavelength of the 
light that was bang output to the optical transmission ilne at the above-mentioned timing, i.e., when the intensity of the 
specific frequency component attained the minimum value. When the system is operating, flie optical output unit 12, 
under the control of the output wavelength controller 13a outputs to the optical transmission line 30 light having the 
wavelength riearest to the optimum wavelength (the zero-dspersion vravelength) detected by the optimum-wavelefiath 
detector 40 among the Hght beams output by the plurality of light sources 1 1 1 - 1 1 „. 

[O035] In accordance with the principles of the first aspect of the invention, wavelength dispersion exhibited l>y an 
optical transmission line is compensated for by outputting, to tl^s optical transmission line, light having a wavelength for 
which the transmission characteristic is optimum for this wavelength diGpersion, this being acoomplished without using 
a tunable laser. 

(c) Overview of second aspect (Fig. 2) 

[0036] The plurafity of ligW sfiurces 1 1 , - far generating light having different wavelengths Xi - are provided. 
Before the qjlical transmission system starts operating, the optical output unit 12, under the control of the output wave- 
length controller 13a. changes the wavelength of tight by successively outputting to the opHcal transmission line 30 pre- 
scribed light beams from among the light beams produced by the plurality of light sources, and the optimum-wavelength 
detector 40 detects the timing at which ttie intensity of a specific frequency component in a received baseband spec- 
trum signal is minimized and notifies the output wavelength controller 13a In optical transmitter 10 of this timing. The 
output wavelength controller 13a recognizes the zero-cUspersion wavelength from the wavefength of the light that was 
bang output to the optica) transmission line at the above-mentioned timing, i.e., when the intensity of the specific fre- 
quency component attained Hie minimum value. When the system Is operating, the optical output unit 12, under the 
conto-ol of the output wavelength controller 13a, outputs to the optical transmission line 30 light having the wavelength 
nearest to the optimum wavelength detected by the optimum-wavelength detector 40 among the light beams output by 
the plurality of light sources 1 1^ - 1 1n. and the wavelength controller 13b causes the wavelength of the light output to 
the optical transmission line to fluctuate minutely at a predetermined low frequency. 

[0037J During system operation also the optimum-vravetength detector 40 controls the detection of optimum wave- 
length and nicies the output wavelength controller 1 3a in opticsri transmitter 10 of the timing at which the intensity of 
the specific frequency conpwent is minimized. The output wavelength controller 13a recognizes the zero-dispersion 
vravetength from the wavelength of the light that was being output to the optical transmission line at the above-men- 
tioned timing. i.e., when the imensity of the specific frequency component attained the minimum value. If the zero-dis- 
persion wavelength varies omng to aging or the BKe and becomes a wavelength intermediate ttie wavelength of the 
present Nght source and the wavelength ol the neighboring I Ight source; the optical output unit 1 2 changes over the light 
output to the optical transmission line 30 from the light of the present light source to the light of the neighboring light 
source in response to control performed by the output wavelength controller 13a. Control for wavelength-dispersion 
compensation is thenceforth performed in ^milar fashion. 

[0038] Thus, even if a plurality of light sources having different wavelengths are used, dispersion can bs compen- 
sated for accurately Ijy detecting the zeroMJispersion wavelength before and during system (deration. 
10039] Further, when the zero-dispersion wavelength has shifted to a wavelength intermediate the wavelength of 
the present light source and the wavalengtii of the neighboring light source, the light output to the optical transmission 
line is switched from the light of the present light source to the light of the neighbof ing light souree. As a result, if is pos- 
sible to eliminate or reduce signal delay before and after wavelength switching, thereby preventing signal degradation. 
[0040] Further, when light aoureee are changed over, wavelength can be changed over without instantaneous inter- 
ruption of light by gradually reducing the amount of currerrt injected into tiie present light source and gradually increas- 
ing the amount of current injected into the neighboring light source. Similarly, when fight sources are changed over, 
wavelength can be changed over without instantaneous interruption of light and signal inten-uption can be prevented by 
outputting light from the present light source and light from tiie neighboring light source to the optical transmission line 
simultaneously and then halting the output of light to the optical transmission line from the present light source. 
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(d) Overview of thiid aspect fl=ig. 3) 



K 1 ,h= °* ''^'^ ■ ■'1-'*°''fl«n»atin9 light having different wavelengths ^-x^sre provded 

detector 40 detects the timing at which the intensity of a specific frequency component in a receired faas^ 3 
trum s.gnal is minimized and notifies the output wavelength controller 13a in op£l transnS^JlfSSa l?e 
10 °TIr ''^ —-isper^ion wavelength from ^e^^ of S ^ 

10 being output to the optica! transmission line at the above-mentioned timing, i.e., when the intensity of the speci^c^ 

Srii?hr hlTLr''T' r"'"'' 13a. outputs to the optical trar^nission «ne 30 light, which serves a^ ml 
T.^^J^?. T "^"^'^"9*^ to "P"""""! wavelength detected by the opUmum^avelength detertor 

™. nMtrr^?^ T'?^. '^"^toring light with the main-signal light arS 

r^n^s^xs's^^^^^^ 

f!S ^ . L^*!"" "'^ optimunvwavelength detector 40 controls the detection of optimum wave- 

length, detecte (1 ) the direction In which the zero<lispersion wavelength fluctuates and (2) the S t^aVtSe L™ d3 

tj^S^fL • !ir' ^"^ """^ '^'^ °'>"^P«"«"t - a baseband 

spectrum signal of the received main-signal light and the intensity of a specific frequencv comDonenf in a h^^TlZ 

« S^hi JlTl to "'"'^l by the output wavelength controller 13^ 

STothnnn. r X ^ 'f'"" '™ ^ Of the present light soume to thetr^ *^ 

"rt^^* ^""^^^ ^ wavetengthHdispetaon compensation is thenceforth irformed in siX fasSor 

t^^nl - A . P'®^"* ^^"^"^ to the light of the neighboring light source. As a result it is dos- 

^45? F rt^Jw?"? hT" ' """^ thereby preventing signard^Son 

of ii.hrK • "a^^"^'^^^ =»ian9«d over, wavelength can be changed over without Instantaneous hter- 
ITZ ^J^'^lf y fl™'^"^"^ ^^''^^'"9 the amount of current Injected into the present light soun^e and gralall; icreS- 
ZLnT™ ? '"to the neight^ring light source. Similarly, when light sources are cSg^i™ 

Off "fl l'S« 'fom the present Ught source and light fnjm the neighboring light source to the optical transmissionlinl 
s^ujaneously and than haltJng the output of light to the optical transmission line from the presT^Sm ™ 
£0046] Further by makingthe polarizatior.of main-Bignal light orthogonal to. the polarlzaHon of montoira Haht and 

onal polarization, it is possible to prevent beats pnxluced between signals of neighborina wavetenath* a™i lo i^^i 
«r detection accuracy in the optimum-wavelength detector. neignDortng wavelengths and to Improve 

[0047] Further two waves of monitoring light are used, the intensities of specific frequency components contained 
1!L^'" k'::!''''* *™ ""^'^ """^'torlng light are conpared to Zeby dS^^Ze" w^Jf- 

ler^gtte in which the optimum wavelength is included, the timing of changeover of the main signd IhtTs StrcSl 

™^m^a2;:;to^?n"i^l^^^^^ ^twowaveof monitorinllightar^utusS 

toJli^I^ ^-^1 ^^1? ^ 'l^u" " '^^^^^ °f ^ ^^^'^ component in each mon: 
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(e) Overview of fourth aspect (enabling any type erf optical modulation sclieme to be supported) 
[O048] 

(1) An optimum-wavelength detector detects, as optimum wavelength, the wavelength lor which the intensity of a 
specific frequency component contained in a baseband spectrum signal of received ligln Is minimum and outputs 
the light of tliis detected optimum wavelength to an optical transmission line during system operation. 

(2) On in another arrangement, the optimum-wavelength detector detects, as optimum wavelength, the wavelength 
for which the intensity of a specific frequency component contained in a basdiand spectrum signal of received light 
is maamum and a transmitter outputs the light of this detected optimum wavelength to the optical transmission line 
during system operation. 

(3) Or, in another arrangement, a dispersion add-on unit is provided in front of the opthnum-wavelength detector. 
Prior to system operation, the optimum-wavelength detector detects a wavelerigth kmax for which the intensity of 
a specific frequency component contained In a bas^jand spectrum signal of received Hght, which enters via the 
dispereion add-on unit, is maximum. During system operation, a transmitter outputs, to the opdcai transmission 
line, light of a wavelength so that the wavelength of the light that enters the optimum-wavelength detector via the 
dispersion add-on unit becomes Xmax, In this case, the wavelength of light output to the optical transmission line 
becomes a wavelength for which the intensity of the specVic frequency conponent contained in the baseband 
spectrum signal of the receiving light is minimized. 

(4) Or, in another anangement, a dispersion add-on unit is provided in front of the optimum-wavelength detector. 
Prior to system operation, the oplimum^iravelength detector detects a wavelength ^in for which the intensity of a 
spedf ic frequency conponent contained In a baseband spectrum signal of received light, which enters via the dis- 
persion add-on unit, is minimum. During system operation, a transmittBr outputs, to the cptical transmission line, 
light of a wavelength so that the wavelength of the light that enters the opfimum^wwdength detector via thedisper- 
sion add-on unit becomes xmin . In this case, the wavelangth of light output to the optical transmission line becomes 
a wavelength for which the intensity of the specific frequency component contained in the baseband spectrum sig- 
nal of the receiving light is maximized. 

[0049] The characterisfic of the intensity of the specific frequency component differs depending upon whether the 
opifcal moAilatlon scheme Is NRZ modulation, OTDM modulation or RZ modulation. Detection of optimum wavelength 
is pos^bie wfth NRZ modUation by detecting the minimum portion at the foot of the pealt of the characteristic of the 
intensity of the specific Iraquwicy component, with OTDI« modulation by detecting the valley between two peaks and 
wHh RZ modulation by detecting a maximum value. Accorefngiy. by applying any of (1) to (4) above depending upon the 
optical nxxlulation scheme, light of the zero-dispersion wavelength or Bght of a wavelength closest Id this wavelenglh 
can be output to an optical transmission line. 

(f) Oven/iew of fifth aspect (wavelength multiplexing) 

[0050] A wavelength-dispersion compensating tunction is provided to a wavelength multiplexing optical transmis- 
sion system having a plurality of date transmitters, a multplexer for combining light of dtfferent wavelengths output by 
these transmttters and sending the resuttirtg nght to an optical transmission line, a demultiplexer for separating Ight, 
v^ich has been received from the optical transmission line, according to wavelength, and a plurality of receivers for 
identifying the data from the received light of each of the wavelengths output by the demuraplexer. IWore specifically, 
each transfftittef combines and transmits main-signal light and monitoring light, each receiver detects the timing of 
main-signal light changeover in dependence upon fluctuation of the respective zero-dispersion wavelength, and each 
transmitter adopts, as main-signal light and at this timing, light generated by a light source neighboring the light source 
which generates the main-signal light. 

(B) Principles of the present invention f 
(a) Use of multiple light sources 

[0051] The present invention provides an optical transmission system and an optical transmitter in which use is 
made of multiple light sources for generating light of different wavelengths, and light of a wavelenglh from a prescribed 
light source hawng the optimum transmission characteristic in regaid to wavelength dispersion exhibited by an optical 
transmission line is output to this opiical transmission line, thereby compensating fbr dispersion. 
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to the optical transmission line. 
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(b) Use of a semiconductor away l^r or discrete semiconductor lasers 

SLvI? ^TJT'''^ ^ semiconductor array laser (Sasaki at a!.. "Multi-wavelength MQW-DBR laser arrav 
S«?ni2^S? ' Communication Society. Autumn Meeting 80-2-2), which 

integrated lasers hav,ng a plurality of oscillation wavelengths, or a plurality of juxtaposed discrete semiwnduc- 
tor iasere of different wavelengths used In already existing optical communications syiteS. 

(c) Dispersion compensation when optimum wavelength is imown 

[00531 If the system is one in which the q 

and a Changs in wavelength is small in compa. .__ „ „^ 

this optlmuin wavelength is output to the optical transmission lit 

(d) Dispersion compensation when optimum wavelength is uniwown and change In wavelength Is small 

r0054] If the system is one in which the optimum wavelength is uni^nown and a change in wavelength is small in 
comparison with the dispersion tolerance, then, before the optical transmission system starts operating, the light beams 
Of different wavelengths generated by the plurality of light sources are successively output to the optical transmiss™ 

ing a wavelength nearest to this detected optimum wavelength is output to the optical tranemisslon line 

(e) Dispersion compensation when optimum wavelength Is unl<nown and change in wavelength is large 

^^LJ *S " "! ^'"^ "P*'"^"" wavelength is unknown and a change in wavelength Is large in 

I Jf"'"^"" ^o^«^f^«°Ptical transmission systemstarts operating, the light beams 

IS^^'""*"' "f"^*"^ P'"'^"^'" liDht sources are successiv^y output to the optical tr^smiss.^ 

*° ^^'^"^^ "P*""*"" wavelength is output to the optical transmission line 
S„ °* "*^'«"S^h of the light output to the optical transmission line is changed 

?^ „!SL^ * T "^"^"^ vravelength (zero-dispersion wavelength) that is the resuft of aging can be detach 
The opbcal ransmittar changes over the light sounie in su* a manner that the light of thTSimum waS!i 
detected dunng system operation is output to the optical fransmisslon line. ^ wavelength 

(f) Different dispersion compensation when optimum waveJength is unknown and change In wavelength is large 
™ri™u!S!2^ "^i", "^"^ "^"^"^ wavelength unknown and a change in wavelength Is large in 



tf^rS."^ ^ ^^"^^^ P'"'^'*^ °' successively output tolhe optical transmission 

'SIT ^« 'iaf-t flenWated by the light sourSI^?" 

mg^a wavelength nearest to this detected cpemum wavelength is output to the 0^^ 

IJSi™! t™ ^"^^^ ^l^" "^^'^ "Oht i8 combined with the main-sigral light output to the 

optcal transmission line, and Ihe resulfing light is ou^ to the optical transmission line so that direction and amount of 
lurtuation of theqpt,mum wavelength (zero-dispersion wavelength) due to aging can be detected. The optical transm't- 

(g) Ught-80urce ewitctyng method t 

ISJ^' I?- * f'"f * '^^^^ characteristic when the reference is a zero-dispersion wavelength of 1552 
nm over a transmission distance of 50 km. If wa let the second-order dispersion of an optical fiber be represented S 

dD/dX-a07(ps/nm2/km) 

then dispersion D will be 

D-0.07(A,.A,(,)(p6/nnVkm) fo) 
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If Equation (2) is integrated, then delay Tp becomes as follows: 

To-0.07ffix(X-Xo)* + o (3) 
-0.035(X-Xo)^(psykm) 

The group delay characteristic is obtained from Equation (3). h should be noted that a = 0 is assumed to hold. 
[0060] From Equation (35 , the group delay characteristic Indicates a curve of second degree centered on ttie zero- 
dispersion wavelength ^.ifXo-X^ holds, the characteristic becomes a quadratic curve BC1. If « holds, the 
characteristic beconries a curve BC2 of second degree. A curve of second degree is symmetrical. Therefore, If the 
wavelength of the output light is switched from vo \z when becomes precisely the center wavelength 
t^o - 1 +*'b)'2 1 between \i and ^ In a case where the zero-dispersion wavelwigth is changing from (- 1562 
nm) to X2 (= 1553.6 nm), then the signal delays before and after the wavelength changeover become equal and small, 
and a discontinuous change in the group delay does not occur before and after the wavelength changeover. It should 
be noted that X-t. represent the wavelengths of light generated by two neighboring light Bources. In general, if X^.,, 
X„ represent the wavelengths of neighboring light sources, then the zero-dispersion wavelength ^ when the light 
sources are changed over Is represented by the following: 



AX^\X^,.X„\ 

SB 10061 ] If the abova-cited equation is not used and wavelength of the output light is changed over from X., to when 
the zero-dispersion wavelength Xq has changed from to the wavelength x^, which is 1.6 nm distant from Xi, signal 
delay before and after the wavelength changeovw becomes 4.5 ps, as shown in Fig. 4. This is a value that Is not neg- 
llgble when the transmission speed Is 40 Qbps (1 bit - 25 ps). and there Is the danger that this delay will cause signal 
degradation, 

30 

(h) Prevention of signal inten-iplion at light-source changeover 

[0062] In a case where the wavelength of the optical signal output to the optical transmission line is changed over 
from Xi to X^, signal interruption will occur if the light sources are merely changed over by a switch or the like. According 

35 to the present invention, signal interruption is prevented Ijy specially contriving a method of changing over the light 
sources. Figs. 5A and SB are diagrams useful in deacribing a method of changing over ight sources without causing 
SHinai infarrupSon. Fig. SA shows a first light-source changeover method in which light sources are changed over while 
holding constant the total IghHntensity signal output to the optical transmission Ine without oontrolling an optical ampli- 
fier. Fig, 5B shows a second ighl-source changeover method In which light aourcee are changed over while holding 

40 constant the total light-intensity signal output to the optical transmission line using an optical anplif ier. 

[0063] Fig. 6 Is a diagram useful in describing control of current injected into each light-Bource driver In the first 
light-source changeover method mentioned above. With a light source D1 of wavelength X, emitting light (To), current 
injected into a light source 02 of wavelength is gradually Increased to cause this light source to emit tight (Ti), At this 
time the light Intensity of light source D1 of wavelength is wealened in such a manner fliat the sum of the light inten- 

4s sities of both light sources D1 , D2 of wavelengths x, , Xg will be constant at all times. Thenceforth the light intensity of 
light source D2 of wavelength X^ is gradually increased and the light Intensity of light souree Di of wavelength X^ grad- 
ually decreased, whereby wavelength changeover from X, to can be performed without signal interruption (T2). 
[0064] The second Bght-source changeover method is such that when an optical amplifier is used, a sudden 
change in input light Intensity to the optical amplifier can be avoided. In addition, K is possible to prevent the occunence 

so of a light surge caused by the optical amplifier. More spedfically, as shown in Fig. 5B, the light source of wavelength Xg 
is cause to emit light at the same time that the light source of wavelength X, is emitbtg light, then the light source of 
wavelength x, is extinguished. In the case of this light-source changeover, the ratio of Ihe inten^es of X,, X^+X^, x^ is 
1 :2:1. Accordingly, the gain of the optical amplifier Is regulated to perlbrm feedbad^ control In such a manner that the 
output light intensity is rendered constant. 

55 

(i) Maximum wavelength spacing of light sources 

[0065] Fig. 7 Illustrates the relationship between maximum wavelength spacing (AX - x^.^ - x„) of neighboring 
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light sources and dispersion conipensation precision (= dispersion value D) when the zero-dispersion wowiength is 
1552 nm. The higher the transmission speed, the finer the dispereion confjensallon predaon necessary far the sys- 
tem, I.e.. the finer the amount of change in the dispersion value when light sources are changed over between neiah- 
borins wavelengths, is required to be. If the zero-dispersion wavelength 7^ is 1552 ran and the second-order disperskin 
5 of the opbcal fber is 0.07 (ps/nm^Am) for a transmission distance of 50 im, the maximum wavelength spacing AX (nm) 
Of the light sources with respect to allowable fluctuation D of dispersion (ps/mn) is as follows based upon Equation (2): 

A\(nm)«D(ps/nm)/0.O7{ps/nm^/km)'50{km) (4) 

10 80 that the wavelength spacing Of the fight sources can be determined from Equation (4}. 

(C) Embodiments 

(a) Cmstructhsn of transmitter having plurality of light sources 

IS 

(a-1 ) First embodiment of optical transmitter 

P^' ^ '^ a diagram illustrating the construction of a first embodiment of an optical transmitter having semi- 
conductor ^sere as the plurality of light sources. Shown in Fig, 8 are the optical transmitter 10, the optical receiver 20 
H? transmission line 30. The optical transmitter 1 0 includes a plurality of light sourees 11 a, - 1 1 an having 

different wavelengths -Xn) and formed IV a plurality discrete semiooriductorlaeereidrivere 11 -llhfS driving 
respective ones of the semiconductor lasers; and an arrayed waveguide grating (AWQ) 12a ibr outputting light gener- 
'^f ^a^"^ '^^^ « muniplexer/demultJiBcer. multi- 

plaxes ligW of different wavelengths entering from a plurality of waveguides and outputs the light as wavelength- 
SB multiplexed Sight. Conversely, if wavelenglh.muHiplBXBd light enters in the apposite direction, the arrayed waveauide 
gramg 12a separates the light wavelength by wavelength and outputs the separated fight to a respective onelf the " 
waveguides. Aocortiinoiy. if the arrayed waveguide grating 12a is used as a multiplexer and only a prescribed lioht 
source emits light then the yght from the light source can be output 

[0067] TTie optical transmitter 10 further includes an external modulator 12b in which the light output from the 
30 anayed waveguide gr^^ 12aison/off-moduiatedbya40-Qbp8Sfgnal. Bywayof example. theexternalmodulator12b 
'LZ^^' Mach-Zehnder modufator or an EA (electro^orption) modulator. The optical transmitter 10 further 
includes an output wavelength controller 13 fbr causing prescribed ones of the driveis 1 lb, ■ 1 lb, to drive the con-e- 
spondtng seniconduotor lasers into light emission, thereby changing the wavelength of the light output to the ootioaJ 
transmission Ine. 

Si«i„!?'°"Jl!^!' " ofP"t "fyelength controller 13 acquires the zero-dispersion wavelength of the optical 
tiananission line 30. ttie controller 13 drnres the light source that will generate light having a wavelength nearest to this 
zero<l>speiafon wavelength so that this light is output to the optical transmission Pne to compensate for disperSon. 

(a-2) Second embodiment of optical transmitter 

40 

[0069] Fig. 9 Is adiagram itlustratinfl the construction of a second embodlrrfentof an optical transmitter havlrta sem- 
iconductor lasers as the pluralrty of light sources. Components klentlcal wHh those of the first embodiment shown in Fig. 
8 are des^nated by like reference characters. This embodiment diffew from the first embodiment in that a star coicfer 
* "!!: ^ *™ wwegulde grating 1 2a for muffiplexing light; the two embodiments are exactly the 

45 senne in other aspects of construction and in terms of operation. 

{a-3) Thiid errijodiment of optical transmitter 

S« J?^" ehowlr)g athird embodiment of ah optical transmitter ha^^ng semiconductor 

Iderenoe cteSSl? ^'9^- 8 and 9 are d^ignated by like 

[0071] The optical transmitter of Fig. 10A differs from that of Fig. 8 In that lasers (Mi-DFB-LD) 1 1c, - 1 1Cn with bulft- 
in modulators are used as the semiconductor lasers and the external modulator 12b is omitted. The semiconductor 
'^f;=.^'*,,^""*-'" -^"^^ by forming semiconductor lasers 1 la, - llSn and modulator portions 1 1cV 

es -llCn on the same substrate. 

[0072] The optical transmitter of Fig. 10B differs from that of Fig, S in that lasas {l\/ll-DFB-Lm 1 1ci - 1 1 c„ with built- 
in modulators are used as the semiconductor lasers and the external modulator 1 2b is oirttted. 
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(a-4) Fourth embodiment of optical transmitter 

[0073] Fig. 1 1 is a diagram illustrafing the construction of a fourth embodiment of an optical transmitter having a 
semiconductor array laser as the plurality of light sources. Components identical with those of the first embodiment 
5 shown in Fig. 8 are designated by lii^e reference characters. This embodiment differs from the first embodiment in that 
a semiconductor array laser 1 1d is used instead of the semiconductor lasers as the plurality of light sources. In accord- 
ance with the fourth embodiment, lasers having the required wavelength spadng can be realized on one wafer, thereby 
towering cost and reducing size. 

10 (a-5) Fifth embodiment of optical transmitter 

10074] Rg. 1 2 is a diagram illustrating the constaiction of a m embodiment of an optical transmitter having a sem- 
iconductor array laser as the plurality of light sources. Components identical with those of the second embodiment 
shown in Fig. 9 are designated by like reference characters. This embodiment differs from the second embodiment in 
IB that the semiconductor anay laser 1 1d is used instead of the semiconductor lasers as the pluraHty of light souriies. 

(b) Dispersion oompeneation when optimum wavelength is known 

10076] If the system is one in which the optimum wavelength (e.g.. zero-dispersion wavelengtti) is already known 
so and a change in wavelength is small in comparison with the dispersion tol erance, light having the optimum wavetengSi 
is output to the optical transmission line, thereby making it possible to con^iensate for wavefbrm degradation caused 
by dispersion exhibited by the optical transmission line. 

[0076] Rg. 1 3 is a diagram showing the construction of a first embodiment of an optical transmission system which 
periorms dispersion conpensation when optimum wavelength is known. Shown in Fig. 13 are the optical transmitter 10, 

ss the optica! receiver 20 and the optical transmission line 30. The optical transiritter 1 0 includes a plurality of light sources 
11i ■ 11 nhavingdifJerent wavelengths (ii -A^) and constituted by a plurality of discrete semiconductor lasers or a sem- 
iconductor amay laser; a mul49fex»r 12. which can comprise an arrayed waveguide grating, a star coupler or the like: 
and the external modidalor 12b in which the Sght oOput from the arrayed waveguide grating 12 Is on/off -modulated by 
a 40-Gbps ugiul. By way of example, the external modutetor 1Zb is an UNbOg Mach-Zehnder modulator or an EA 

30 (electro-absorption) nradulator. The optical transmitter 1 0 further includes the ou^ut wavelength controller 1 3 for caus- 
ing prescribed ones of the light sources to emit light thereby changing the wavelength of the light output to the optical 
transmission line. 

[0077] If the optimum wavelength, e,g., the zero^Jisperston wavelength, is set, the output wavelength controller 1 3 
causes light to be emitted only fnjm the light source that generates light having a wavelength nearest to the zero-dis- 
35 person wavelength. The multiplexer IZ inputs the light output by this light source to the external modulator I2b. which 
ontoff-modulales the input light by the 40-Qbp6 signal and outputs the modulated light to the optical transmission line 
30. 

[0078] Fig. 14 shows a modiflcafion of the first embodlmsnt, in which components tdenucal with those of the first 
embodiment are designated by like reference characters. Whereas the first embodiment shown in Fig. 13 is for a case 
40 Where transmission is performed without a repeater, the present invention is applicabie also to a case where mulb'ple 
repeaters are used In transmission, as Illustrated In Fig. u. This modification includes optical transmission lines 308 - 
son and repeaters 31a, 31 b, • • • . Though transmission without repeaters is illustrated in the etrtodiments thatfbllow, 
the present invention is applicable also to a case where multiple repeaters are used in transmission. 

45 (c) Dispersion oompansation wrfien optimum wavelength is unknown and change in wavelength is small 

10079] If the system is one in which the optimum wavelength is unknown and a change in wavelength Is sman in 
comparison wrth the dispersion tolerance, then. (1) before the optical transmission system starts operating, light beams 
of different wavelengths generated by the plurality of light sources are successlMBly output to the optical transmission 

6B line and the optimum wavelength is detected, and (2) when the ^stem is in operation, light generated by the light 
source having a wavelength nearest to this detected optimum wavelength is output to the optical transmission line. : 
[0080] Rg. 1 5 is a diagram showirtg the construcBon of an optical transmission system which performs dispereion 
compensation when optimum wavelength is unknown and change In wavelength is small in comparison with dispersion 
tolerance. Shown in Fig. 1 5 are the optical transmitter 10. the optical receiver 20, the outgoing optical transmission line 

55 30, the dispersion monitor (optimum-wavelength detector) 40 tor detecting a wavelength (e.g.. the zero-dispersion 
wavelength) wrfiosetransnassion characteristic is optimum in regard to wavelength dispersion of the optical transmis- 
sion line, the incoming optical transmission line 50, a dispersion morttoring signal transmitter 51 for transmitting the 
result of dispersion monitoring, and a dispersion monitoring signal receiver 52 for eirtractlng the result of monitoring and 



14 



BNSDOCID; *EP ioiiaia«j_» 



EP1011 218 A2 

inputting the resiilt to ttie optica! transrrttta- 10. 

.nn^Ji! fransmitter 10 includes the pluralHy o* light sources 1 1 ^ - 11„ having difterent wavelengtt« {x, - 
Xn) and constituted by a plurality of discrete semiconductor lasers or a semiconductor airay laser- the multiplexer 12 
unl^r.!^"^"^^ ^"7^ waveguide grating, a star coupler or the like; the external modulator 1 2b in which the 
arrayed wavegurde grating 12 is on/off-rrxxJulated by a 40-Gbps signal; the output wavelength con^ 
St r'"^ r? 'J*"^ °* 11 1 - 1 1 n 10 emit light, thereby changing the wavelengthof the 

ght output to the optical transmission line, and outputting light of the optimum wavelength to the optical transmission 
line based upon the result of detection by the dispersion monitor 40. "^isimission 
[00821 If the wavelength of the light output to the optical transmission line 30 is equal to the zero-dispersion wave- 

ength of the optical transmission line, the dispersion monitor 40 detects the optimum wavelength by utilizing the fact 
li! r^in^^!!?' * conponent of the received baseband spectrum signal is minimum. For exam- 

^alf^?^^^"^^^"^^"^' «P««'cfr«1"«"<V is *0 QHz (see Figs. 76A - 77B). The dispe^ion monftor 
4Q includes a lighl receiver 40a such as a photodlode for converting light, which has been branched from the optical 
transmission fane 30. to an electric signal; a band-pass fitter (BPF) 40b having the specific frequency as its cent^tre- 
quency; and an intensrty detector 40c for detecting the timing at which a speciic frequency component, e.g. the 40- 
GHz component, attains the minimum value. w i, ine w 

Ji ^^"^ '^''^ optimum wavelength is known and a change in wavelength is small In oom^ 

S,„1^').S«r* dispersion tolerance, then, before the optical transmission system starts operating, the output wave- 
S muS^fi « "^"'^ ' "ntoemitlightsuoceseivdy at prescribed intervals. AaaTesurt. the 

light multiplexer 12 suooessn^ely inputs light of wavelengths X, - X, generated by the plurality of Vght sources to the 
externalmodulatoriab, which orvoff modulates the Input light of 

and outputs the modulated light to the optical transmission line 30, 1 « u^jpssignai 

L^L^^* dispersion monitor 40 detects the timing at which the 40-GHi component intensity of the received base- 
band ^artrum signal attained the minimum value and inputs the timing to the dispersion monitorinQ signal Iransmftt^ 
51 The latter sends the timmg data to the transmitting side via the optical transmission line 50. and the dispersion mon- 

f Z ^f'^ zero-dBpersffln wavelength from the wavelength of the light output to the opbcal 
tianaT.i6s.on line 30 at the tming at which the intensity of the apecifto frequency component attained the minium, 

S fh»t'!ll'2=^J rM°K'™''°']u-*'® ^3 causes light to be emitted only from the light 

lencTirS^iSS^Sl IS" n""^ ."™-*"^^^°" vwwelength. so that the light having the zero-diversion wa'e- 
s o?lum rjln ' '™ !?■ ^ * "S^" ^ ^^^'^ *h08e transmissioncharacteristic 

to SCenslTSsperstoJ '^^^^ 3° output, thereby making it possible 

[0086] Fig. 1 6 is a diagram showing the construction of a transceiver 55 equipped with the dispersion monitorino 
a^SlrJ^'^J''; ''3- ^eareademulfiplexer 55a. an eleclrfcal interface (SZ^^SS 

JX^' ^ ^ ^ 55b accepts the monitoring resSit [timing 

tlf^STrTf ^ °P"<=^ transmission line 50 via the multiplexer 55c and transmit- 

hi if ; J "f ir!.*'^^" ''3"*" ^'S- 15 irnplemented by the functions possessed^ 

the deotrical Interlace 55b, mulfplaxerssc and transtrttterasd. hA«*«w«iDy 
n™ ^ Lu^ '"°^»i'=ation of the embodiment illustrated in Fig. 15. This is an example In which the dispersion 

^ °* ^PP"^ *^ "^"^^ transmission system, which has been subjected to iproxi- 

mately 100% dispersion compensation using a fixed-dispersion compensator 56, in a case where the optical transmis- 
sion line 30 IS a h^gh -dispersion single-mode fiber {SMF). Even this 100 dispersion-compensated optical transmission 
t'hTz^^^di wi'S^Sl2S''^™'°" compensation by sweeping wavelength via light-source switching and detecting 

iJ??L- "Sing multiple repeaters, the fixed^ispersion compensator would be placed on 

the sending side, receiving side and repeater Bide. t wepiaceaon 

Sion ^mnfi^i^f construcBon of another embodiment of an optical transmission system Ibr performing 
nS^ .^r^ ^ "^"'^ optimum wavelength Is unimown and change In wavelength is small in com 

pa ison wrth dispersion tolerance. Components identical with those of the embodiment shown in Fig. 15 are designated 
by like reference characters. This embodiment differe from the embodiment of Fig. 15 in that: esignateo 

(1) attenuators (ATT) 14i - 14„ for attenuating light are provided at the outputs of the light sources 1 1, - 11„ and 
have their outputs applied to the multiplGxer12; i nana 

(2) the light sources 11 , - 1 1„ emit light at all times; and 

(3) the light attenuators I4i - 14„ are turned on and off under the control of the output wavelength controller 13 so 
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that only light from a prescribed light source is input to the optical output unit 12. 

(0090,; Before the system is placed in operation, all of the light sources 1 1 1 - 1 1 „ are made to emit light and all of 
the light attenuator 14^ - I4n are turned on to attenuate the light from respective ones of the light sources. Under these 
conditions the output wavelength controller 13 performs control in such a manner that the light attenuators 14i - 14^ 
con-eeponding to the light sources 11 1 ■ 1 ip are turned off successively one at a time (i.e.. only one is turned off and 
the others are turned on) at prescribed time intervals so that tight from the light sources 1 1 1 - 1 1n enters the muttiplexer 
12 in Buocessive fashion. As a result, the multiplexer 1 2 successively inputs, to the external modulator 1 2b. light of dif- 
ferent wavelengths - generated by the light sources, and the external modulator 12b on/off-modulates the input 
light by the 40-Qbps signal and outputs the nnodulated light of different wav^sngths ■ X„ to the opftoal transmission 
line 30. 

[0091] The dispersion monitor 40 detects the timing at which the intensity of the 40-GH2 component in the received 
baseband spectrum signal attains the minimum valLie. the dispareion monitoring signal transmitter 51 sends ttils ttming 
data to the side of the transmitter, and ttie dispersion monitoring signal receiver 52 extracts the monitoring result (timing 
data) and Inputs this data to the output wavelength controller 1 3. The output wavelength oontroller 1 3 identifies the zero- 
diversion wavelength from the wavelength of the light output to the optical transmission line 30 at the timing at which 
the intensity of the specific frequency component attained the minimum value. 

IP092] During system operation, the output wavelength controller 13 turns off only the light attenuator jcon-espond- 
ing to the light source that generates light having this zero<li6persion wavelength, so that the light having the zero-dis- 
persion wavelength is output to the optical transmission line 30. As a result, light of a wavelength whose transmission 
characteristic is optimum in regard to wavelength dispersion of the optica! transmission line 30 is output, thereby mak- 
ing it possible to compensate for dispersion. 

10093] Rg. 1 9 illustrates the construction of another embodiment of an optical transmisaon system tor performing 
dispersion compensation in a case where optimum wavelength Is unknown and change In waveloigth is small In com- 
parison with dispersion tolerancG. Components identical with those of the embodiment shown in Fig. 1 5 are deagnatad 
by like reference characters. This embodiment differs from the en*odiment of Rg. 15 inthat 

(1) A varial^le-wavelength filter 15 is provided between the multiplexer 12 and eocternal modulator 12b and passes, 
i.e., outputs, or^y light having a designated wavelength; 

(2) the light sources 1 1, - 1 1 „ emit light at all times; 

(3) The muttiplexer 12 multiplaxes light of different wavelengths ■ generated by the light sources I1i ■ 11„. 
respectively, and inputs the light to the variable-wavelength f ilter 1 5; and 

(4) the wavelength of the light output by the variable-wavelengthf ilter 1 5 is confrolled by the output wavel ength con- 
troller 13. 

[0094] Rg. 20 is a diagram showing the construction of the variable-wavelength filter. As shown in Hg. 20, ttie filter 
includes a SAW mveguide 15a formed on a siintrata which exhibits an electro-optic effect, such as a substrate made 
of UNbOg (Whium nicbate); an interdlgital transducer (IDT) ISb; a SAW clad 15c fbrmed by diffusing titanium so as to 
clad the SAW waveguide; absorbers I5d, 1 5e for absorbing suriiuje acoustic waves (SAW); opticai waveguides I5f, 15g 
fbrmed by diffusing titanium; crossed polarization beam splttters (PBS) ISh, isi, which are arranged to embrace two 
linear waveguides, (or operating Independently of polarization; and a high-frequency signal application unit ISJ for 
applying a high-frequency signal of 170 • 180 MHz to the interdigitat transducer 15b, Ttie high-frequency signal appli- 
cation unit 15j Includes a high-frequency generator I5j-1 and an inductence 15j-2, which is for canceling the input 
capacitance of the intereiigital transducer 15b, connected in series with the high-frequency generator ISj-l When ttie 
high-frequency signal is applied to the interdigital transducer 15b, a surface acoustic wave is generated, which has the 
effect of rotating, by 90°, the polarization of a specific wavelengtti in confomilty vnth ttiis frequency. Accordingly, ttie 
pdarlzalion beam splittws 15h, 151 are provided on the input and output sides, respectively, to split the polarization, 
thereby making it possible to realize a vartable-wavelenglh filter. For example, if wavelength-multiplexed light of the TE 
mode is input to the variable-wavelength fitter 15 as input light, only the polarization of the wavelength corresponding to 
the frequency of the high-frequency signal applied to ttie interdigital tt^nsducar is rotated 90", whereby TM-mode polar- 
ization is obtained. The TM-mode polarized light is output from the optical waveguide 15g. 

[0095] Rg. 21 shows the tuning characteristic of the variable-wavelength filter. The frequency of the high-frequency 
signal is plotted along the horizontal axis and the selected vravalength along the vertical axis. The selected wavelength 
shortens in inverse proportion to the frequency of the high-frequency signal. 

[0096] Accordingly, the variaMe-waveienglh filter 1 5 is capable of selectively oulputting, in successive fashion, the 
wavelengths contained in the input light by sweeping, at prescribed cycles, the frequency of the high-frequency signal 
output from the high^requency signal application unit 15j under the control of the output wavelength controller 1 3. 
10097] Prior to the start of system operaBon, all of the light sources 1 1i - 1 !„ emit light, the light of the different 
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wavelengths X, - ^ generated by the respective m sources 1 1 1 - 1 1 Js multiplexed by the multiplexer is and the mul- 
tplexed light is input to the variable-wavelength filter 15. Under these conditions, the output wavelength controller 13 
controls the variabte-wavelenglh filter 15 so that the light of the wavelengths Xi - i„ is input to the external modufafor 
12D in order at predetermined time intervals. Tlie external modulator 12b on/off-modulates the Input light of different 
wavelengths ^ - by the 40-Gbp6 signal and outputs the modulated light to the optical transmission line 30. 
[0098] The dispersion monitor 40 detects the timing at which the intensity of the 40-GHz component in the received 
baseband spsctrum signal attains the minimum value, the dispersion monitoring signal transmitter 51 sends this timina 
date to the side of the transmitter, and the dispersion monilDring signal receiver 52 extracts the monitoring result (timing • 
data) and inputs this data to the output wavelength controller 1 3. The output wavelength controller 13 identifies the 2ero- 
dispersron wavelength from the wavelength of the light output to the optical transmission line 30 at the timing at which 
the intensity of the specific frequency component attained the minimum value. 

[0099] During system operation, the output wavelength controller 13 controls the variaMfrwavelength filter 1 5 so as 
to output the light of the zero-dispersion wavelength to the optical transmission line 30. As a result, light of a wavelength 
whose transmission characteristic Is optimum in regard to wavelength dispersion of the optical transmission line 30 is 
output, thereby making it possible to coinpensate (or dispersion. 

(d) Di8per»on compensation when t^mum wavelength is unknown and change in wavelength is large 

[01 00] If the system Is one In which the optimum wavelength is unknown and a change in wavelength is larae in 
comparison with the dfepereion tolerance, then, (1) before the optical transmission system starts operating, Sghtbfflms 
of different wavelengths generated by the plurality of light sources are successively output to the optical transmission 
IZrtTS^ optimum wavelength is defected, and (2) when the system is in operation, light generated by the light 
source teving a wavelength nearest to this detected optimum wavelength Is output to the optical transmission line (3) 
Further, dunng system operation, the wavelength of the light output to the optical transmission line is changed minutely 
so that the zero^persion wavelength can be detected even if it changes owing to aging, and (4) when the zero^is- 

r=^n!"? ^ "^I"^^ wavelength intermediate the present light source and a neighboring light source ' 
owing to aging, tfie optical transmitter changes over the Bght source from the present light source to the neighborino 
light source to thereby change the wavelength of the light output to the optical transmission line. By changing over 
« the wavelength intermediate the present fight source and the neighboring light souice. signal delays 
be ore and after the wavelength changeover can be made equal and small, and a discontinuous change in fh" 
delay does not occur before and after the wavelength changeover. This makes it possible Id eliminate signal d 



[0101] Fig. 22 illustrates the construction of an optical transmission system for perferming dispersion compensation 
in a case where optimum wavelength is unknown and change in wavelength is large in comparison wth dispersion tol- 
t^^S'^aS^"^ identical with tiioae of the embodiment shown in Fig, 1 5 are designated by like reference charac- 
ters. This embodiment differs from the embodiment of Fig. 1 5 in that; 

(1) the waveleneth of light output to the optical transmission line is varied duing system operation 

■ IVareprwided with Arc circuits {automailc terrperature- 
control circuits) 1 6i le^, respectively, fbr regulating ligh^source temperature to a set tenperature: and 
^) a ten^erature-varylng controller 17 fbr varying the tfimperature of the Ught source which generates the light 
being output to the optical transmfsston line, thereby varying the wavelength of the output light. 

K ^rl^T^"?!!^ "^IHT ^ ^'^ ^' »ro-disperaion wavelength of the optical transmission 

me 30 varlw by AW2 (where AX .s the light-source wavelength spacing), the light source is switched from the present 
£ rtfl^!!. *° " ^"^^^ " « AWZ^ge in zero-dispersion wavelength can 

be deterted, it te required that the wavelength of light ou^M to the optical transmiesion line 30 be varied by ^ or 
greater^Since the light sources 1 1 1 - 11„ are such that the wavelength of output light varies depending upon ambient 
emperatura. the temperature of the semiconductor lasers Is controlled in siifch a manner that thS wavelength of ^ 
light will vary over a range of -V to +X' (where X'>AW2 holds). 

r0103] Fig. 23 illustrates an example of an ATC circuit, in which numeral 1 1 denotes a semiconductor laser (LD) 
M^nlS ^-^ 5"^ T""^" ^ ^"^^^ '^«^«"9 ^ «"'""9 *he LD chip depending 

n i! ^'S^i^O 3 n^a'ive resistance characteristic for detecting the temperature 

"oKia ' semiconductor laser, the PeKier element and the thermister; 

o S JStl : 169. respectively; and a comparator 16h having an inverting termina 

iftt ^f 5 conforming to the temperature of the LD) Vt obtained by potential division using the ther- 
mister 16b and resistor I6d is applied, a non-inverting terminal to which a reference voltage Vref is applied, and an out- 
put terminal connected to the bases of the transistors lef, I6g. The emitter of the PNP transistor I6f is connected to 
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V+, the emitter of the NPN transistor 1 6g is connected to V-, and tlie collectors of both transistors are connected lo the 
Peltier element 16a. . ,, 

[01 04J When the temperature of the light source 1 1 is low, the resistance of the thermister 1 6b increases, the volt- 
age Vt decreases such that VI < Vref holds and the oulpul of the comparator 16h becomes positive. As a result, the 

s transistor 16f turns off, the transistor 1 6g turns on and curent flows through the Peltier element in a direction that pro- 
duces heat, thereby heating the interior of the package and raising the temperature of the LD. When the LD temperature 
rises, the rasstance of the therrrister declines, the voltage Vt increases such that Vt > Vref holds and the output of the 
comparator 16h beconies negative. As a result, the transistor 16f turns on, the transistor 16g turns off and cun-ent flows 
through the Peltier element in a direction that produces cooling, thereby lowering the terrperature of the LD, Accord- 

ro ingly. control can be performed in such a manner that the LD temperature becomes a set temperature. 

[01 05] If the optimum wavelength is unknown and the change 1 n wavelength is large in comparison with the disper- 
sion tolerance, then, prior to itie start of system operation, first the output wavelength controller 13 causes the light 
sources 11 1 - 1 1 n to emit light successively at predetermined time Intervals. As a result, ttie multlplexef 1 2 successively 
inputs, to the external modulator 12b, light of cSflerent wavelengths A,, - \, generated by the plurality of light souces, 

IS and the external modulator 1 2b ort/off-modulates the input light of different wavelengths )^-i^by the 40.Qbp6 signal 
and outputs the modulated light to the optical transmission line 30. 

[0106] Thedispereion monitor 40 detects thetlming atwNch the intensity of the 40-GH2 component in the received 
basetiand speetniri signal attains the minimum value and inputs the liming to the dispersion monitoring signal trans- 
mitter 51 , The rslationehip between wavelength and monitoring component intensity can be approximated by a curve 

so of second degree, as illustrated in Fig. 24, Then the wavelength of output light is equal to the zero-dispersion wave- 
length, intensity takes on the minimum value. Accordingly, the timing at which the intensity of the monitoring component 
attains the minimum value is detected and infXJt to the dispersion monitoring signal transmitter 51 . 
[0107] The dispersion monitoring signal transmitter SI sends this timing date to the side of the transmitler and the 
dispersion monitoring signal receiver 52 extracts the monitoring result (timing data) and inputs this data to the output 

iff wavelength contrdlar 13. The output wavelength controller 13 identifieE as being the zero-dispersion wavelength 
from the wavelength of the light output to the optical transmission line 30 at the timing at which the intensity of tile 
specific frequency convonent attained the minimum value (see the broken line In Rg. 24). 
[0108] During system operation, the output wavelength controller 1 3 causes only the light source (referred to as the 
"present light source") that generates light having the zero-dispersion wavelength Xi to eirtt light, so that this light Is out- 

30 put to the optical transmission line 30. As a result, light of a wavelength whose transmission charaoteriatic is (^Mimum 
in regard to wavelength dispeislon of the optical transmission line 30 is output, thereby making it possible to compen- 
sate for dispersion. 

[0109] Further, during system operation, Uie temperature-varying controller 17 controls the ATC cirouH of the 
present light source so as to vary the tempenalure of this light source. That is, the tempeiature^vafying contrdl er 1 7 var- 
w ies the wavelength of the output light by successively changing the set temperature at a period of lime T necesswy to . , 
regulate temperature to a constant value, 

[01 1 0] The dispersion monitor 40 detects the timing at which the intensity of the 40-GHz conponent in the received 
baseband spectrum signal attains the minimum value and sands this timing to the ou^ wavelength controller 13. The 
latter refers to a table (not shown), which is tor converting sm temperature to wavelength, based nxxi the set temper- 

40 ature prevailing at the received timing, thereby obtaining the wavelength V of the light being output to the qjtical trans- 
mission line 30 and identifying the zero-dispersion wavelength from this wavelength. Next, the output wavelength 
controller 13 checks to determine whether the zero-dispersioti wavelength has changed by one-half 
[- A\/2 - {A,j-X,)ffl] of the light-source wavelength spacing AX(= Xg-X,) . which can be caused by aging of the opti- 
cal transmissfon line. If the change is less than AW2, the light source is not changed over. However, If the change is 

« equal to or greater than AW2, then the Hght source is changed over from the present light source to the neighboring light 
source, as Indicated by the sold line In Fig. 24. 

[01 11] In the foregoing a case is described in which the present Invention is applied to an optical transmitter in 
which only one light source emits light. However, as shown In Fig. 25. the present imerttion can be applied also to a 
transmitter in which the light attenuators 14i - 14n are provided between the respective light sources 1 1 1 - 11 „ and the 
so multiplexer 1 2, all of the light sources are made to emit Ught constantly and only a prescribed light attenuator Is turned 
off, whereby light from the light source corresponding to this attenuator is output to tiie optical transmission line 30. Fur- 
ther, as shown in Frg. 26, the present invention can be applied also.to a transmitter in which the variable-wavelengtti 
filter 15 is fM'ovided, alt of ttie light sources are made to emH light constantly and light having a desired wavelength is 
ouJput to the optical transmission line by the variable-wwelength filter 15. 
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(e)^Ottier example of dispersion compensation when optimum wavelength is uni<nown and change in wavelength Is 

™Lc " ^1 TT " ""^^^ '^^ wavelength Is unknown and a change in wavelength is large in 

3 T wrth ihed^persion tolerance, then. (1) before the optical transmission system starts operating, light b4ms 
L "Shi sources are successively output to the optical transmissi^ 

hne and the optimum wavelength Is detected, and (2) when the system is in operation, light generated by the light 

mSJ^"? ZT.fT T"^ *° "P*'-^^"^ ^^^^'^"9'^ to transmission ifne as 

L ^"^'"^ ^^^"^ operation, monitoring light is multiplexed with the main-signal light and Is 

naSn T^l t^nsmission line so that direction and amount of fluctuation of the optimum wavelength (zero-dis- 
t^Z^ y""^ '^"^ *° ^^'"3 "^^^^ ^"^ zero^JIspersfon wavelength changes to a wave- 

^h^nl'c f ""^J'T! ' '"""'^ neighboring light source owing to aging, the optical transmitter 

Changes over the light source from the present light source to the neighboring light source to thereby change the wave- 
T^l°JJrv M ^J^u "P**"^' By changing over wavelength at the wavelength intermediate 

the present hght source and the neighboring light source, signal delays before and after the wavelength changeoveT in 
Sf.TL"' ^ discontinuous change in the group delay does not occur before and after the wave- 

length changeover. This makes it possible to eliminate signal degradation. 

KllfLiJ'^^ *"? *" Pri"«Ple through which the direction of a change 

iX?htSl"r'27 I f T '^^o^'spersion wavelength has changed to a wavelength Interme- 

f S^h^l ? 1°^ ^u'^"""* "^'^^^ ""^ neighboring light source are detected using the main signal light 
rnT^TZn^S^rtf'^"^ 

2™^^? i T approximated by a curve of second degree. Infensity takes on the min- 

imi i the wavelength of output tight is the «ro-dispersion wavelength. When the zero^isp«Son 

Th. *^ °^*''''!fT''''?" = "^^^'^9* "9ht output from^:^" 

scribed light source is ^ and the wavelength of the monitoring light output by the neighboring light source is X. the reta- 

^Sil!! pf "-"1!'^' "^^""^ °" « characteristic indicafed by. the 

i f7A. Here the monrtodng signal intensity at wavelength is P(Xi)1 and the monitoring signal mten 

Sflih J' "^^^ wavelength and monitoring component intensity changes to a characteristic 

ir^cated by the solid line in Fig. 27A. Consequently, the moniloring signal intensity at wavelengtf, X, becomrpVT2 

"Sm!^ ' *^ component of the monitoring light wavelength 

fiSrJ Pio Sra lil!.''*!]fl''^.^' " *^'"«''o-disper5ion wavelength fluctuates from the state indicated by the dot-and-dash 

Kt;^S™L„„"t°K? H ^ «*«^»*«[^J™*««*«^ by the solid line In Fig. 27B. Consequently, the monitoring signal 
J1^5^L^ ^! ""O"^ •^«'««y ^* wavelength X, Increases. In other words, if 

for no arw^vT;:r f ""^ ''^^ '"^^^''^ ""^""^^t ^^m^J- 

lonng iignt wavelength (Ag) Increases. 

f!ll!l '^1™'*''" '^'^ zero-dispwslon wavelength fluctuates can bedetected from the directton of 

inc ease/decrease of the intensity of the monitoring component (the 40-QHz component) at the wavelength a,) of the 
^'T' ^"^^ " """""""^ "S^- zero-dispersion w^^elength has 

in« iSnn^r ? ^^ll^t^f™ *«^ength >^ of the main-signal light and the wavelength of the rSonitor- 

at the vSIli!^?' ^1 ♦^^^ '"°""'>ring component intensity 

rhi feJT ^-Jf^™ ^ ''"^^ degree. In other words, by detecting 

diLttin^ J™"tonno component Inteneitiee at the wavelen^hs X, , X, rfave become equal, the fact Z the zero 
SeioILnZTM'"' "^T^ " ' """^'^"^ intermediate the wavelengths of the present light source and 
neighboring light source can be detected, it should be noted that if the zero-dispersion. wavelength "fluctuates and 
becomes less than the wavelength of the main-signal light or greater than the wavelength of the main-signal light the 
SI r^^J'T"'"* '"^^f * t*^^ wavelength (X,) of the main-signal light arxi at the wavelength (Xa) of the mon- 
itoring light both increase or both decrease before and after the fluctuation 

11^- f ^^'^'"^ ^ °P«<»I transmission system for perforniing dispersion compensation 

In??^^*'^-"?"' « " ""^ ^ y^a.e\enm is large in comparison with dispereion tol- 

erance. Shown in ng. 28 are the optical transmitter 10, the optical receiver 20, the outgoing optical transmisXn iSe 
30, a first variabie-wavelength optical fifter 41 for passing main-signal light, a second variaS-Seng h X , E 
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42 for passing monitoring light and wavelength dispersion monitors 43, 44 hmring a construction Identical with that of 
the wavelength dispersion monitor 40 in the foregoing embodiments. 

[01 1 7] The wavelength dispersion monitor 43 monllorB the 40-QHz component contained in the main-signa! Hght of 
wavelength and outputs the monitoring component intensity, and the wavelength dispersion monitor 44 monitors the 
40-GHz component contained in the monitoring light of wavelength Xj (> Xi) and outputs the monitoring component 
intensity. On the basis of the monitoring component intaisities that enter from the wavelength dispersion monitore 43 
and 44, the dispersion compensation control unit 45 determines (1) the direction of a change in zero-dispersion wave- 
length, (2) the fact that the zero-dispersion wavelength has changed to a wavelength intermediate the wavelengths of 
the present light source and neighboring light source, and (3) that the zero-dispersion wavelength is less ttian the wave- 
length of the main-signal light or greater than the wavelength of the main-signal light, and, on the basis of the results of 
«ie determinations made, controls the wavelength setting of the optical filters 41 , 42 and controls «ie switching of the 
light sources. Also shown In Fig. 28 are the incoming optical transmission line 50. the dispersion monitoring signal 
transmitter 51 for transmitting the signal (result of monHoring, a light-source changeover command, etc.) that enters 
from the dispersion compensation control unit 45, and the dispersion morjitorlng signal receiver 52 for extracting the 
result of monitoring and the light-source changeover command and inputting the same to the optical transmitter 10. 
[01 1 8] The optical transmitter 1 0 includes the plurality of light sources 1 1 1 - 1 1 „ having different wavelengths (X, - 
Xfl) and constituted by a plurality of discrete semiconductor lasers or a semiconductor array laser; the multiplexer 12, 
which can comprise an an-ayed waveguide grating, a star coupler or the like; the external modulator 12b in which the 
light output from the arrayed waveguide grating 1 2 is on/off-modulated by a 40-Gbps signal ; the output wavelength con- 
troller 1 3 for causing prescribed ones of the light sources 1 1 , - 11 „ to emit light, tiiereby changing the wavelengtii of the 
light output !□ the optical transmission line and, when the system is operating, outputting light of the optimum wave- 
length to the optical transmission line as main-signal light multiplexing monitoring light with the main-agnal light and 
oulputiing the result to the optical transmission line. 

[01 19] If the optimum wavelength is unknown and the change in waveler>gth is large in convarlson writh the disper- 
sion tolerarxw, then, before the optical transmission system starts operating, light of all wavelengths enters the wave- 
length dispersion monitor 43. Under these conditions, the output wavelength controller 13 causes the light sources 11^ 
- 1 1n to successively emit light at predetermined time Intervals. As a result, the light multiplexer 12 successively irputs 
light of different wavelengths ■ \, generated by the plurality of light sources to the external modulator 12b, which 
modulates the input light ol he different wavelengths Xi • by the 40-Gbps signal and outputs the modulated light to 
the opticai transnniseion line 30. 

[01 20] The dtepersion monitor 43 detects the liming at which the 40-OHz component intensity of the received base- 
band spectaim signal attained the minimum value and inputs the timing to the dispersion compensation control unit 45. 
The latter sends this timing to the transmitting side via the dispersion monitoring signal transmitter 51. TTie dispersfon 
monitoring signal receiver 52 extracts the monitoring result (the timing data) and inputs this to the output wavelength 
controller 13. The latter Identifies wavelength x, which was being ouJputto the optical transmission line 30 at the timing 
at which the monitoring component intensity attained the minimum value, as the zero-dispersion wavelength. Of the 
light-source wavelengths Xi. Xg bracketing the zero-dispersion wavelengtii X. the wavelength X^ nearest the zero-dis- 
persion wavelength X is adopted as the wavelengtfi of the main-signal light, and Xg is adopted as the wavelength of the 
monitoring light From this point onward, wavelength-dispersion compensation control at the time of system operation 
is executed in accordance with the flowchart shown in Fig. 29. 

[0121] It shoiJd be noted that If the optimum wavelength Is Irown and the change In wavelength is large in com- 
parison with dispersion tolerance, then wavelengthKUsperston compensafion control at the time of system operation Is 
executed Immediately In accordance with the flowchart shown In Fig. 29 using ttie wavelength Xi nearest the zero-dis- 
persion wavelength X as the wavelength of Uie main-signal light and the wavelength Xg as ttie wavelength of flie mori- 
toring light, where the light-source wawlengfris X^, Xg bracket tiie zero^liapersion wavelength X, 
[01 22] When the system is in operation, the dispersion compensation control unit 45 sets the wavelengtii Xt of the 
main-signal light as the center wavelength of tiie first optical filter 41 and sets the wavelength Xg of the monitoring light 
as the center wavelength of the second optical f IKer 42 (step 101). Furtier, the output wavelength conti-oller 1 3 causes 
the light source of the main-signal light to emit light so that this light is output to (he optical transmission line 30. As a 
result, light of a wavelength whose transmission characteristic Is optimum in regard to wavelength dispersion of the opti- 
cal transmission line 30 is output, thereby making it possible to compensate for dispersion. 
[0123] Further, during system operation, the output wavelength controller 13 causes the "monitoring light source to 
emit light so that the monitoring light of wavelength will be multiplexed with the main-eignal light (step 102), 
[01 24] On the basis of the wavelength (X^ ) of the main-signal light tiiat enters from the wavelength dispersion mon- 
itors 43, 44 and the monitoring cranponent intensity (the 40-GHz component) at the monitoring light wavelength (Xg), 
the dispersion compensation control unit 45 checks to determine whether the zero-dispersion wavelength X has 
changed to a wavelength intermediate the wavelength of the present light source and the wavelength of the neighboring 
light source (step 103). If the zero<li8p6rsion wavelength has not changed to the intemiedlate wavelength, the process- 
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ing of step 102 is executed. H the zero-dispersion wavelength has changed to the intermediate wavelength, howwer 
he dispersion ccMrpensation control unrt 45 identifies the direction in which the zero-dispersion wavelength X changed 
(Step 104, 1 05). If the zero-dispersion wavelength A. changed toward the side of longer wavelength, the dispersion com- 
perisation control unrt 45 performs control in such a manner that the center wavelength of Itie first optical filter 41 is 
shifted so that the wavelengths , )^ will tali within the range of the filter (step 106). Nert. the dispersion compersation 
control unrt 45 rnslructs the output wavelength controller 13 to switch the light source of the main-signal light to the 
naghtonng light source on the side of longer wavelength. In response, the ouflsut wavelength controller 13 causes the 
light source of wavelength ^ to emit light in addition to the light source of x^ and subsequently extinguishes the light 
source Of wavelength A,i (step 107), As a result, the wavelength of the main-signal light can be changed over to the side 
of longer wavelength without any interruption in light. 

[0125] If the zero^llspereion wavelength changed toward the side of shorter wavelength such that x^<x<x, holds 
the dispersion compensation control unit 45 sets in the second optical filter 42 as the center wavelength Further at 
this time the dispersion compensation control unit 45 instructs the output wavelength conlrollar 13 to cause the Itaht 
source of monitoring light of wavelength to emit light Instead of the light eouree of wavelength Xo. Dispersion oom- 
pensaton control is thenceforth carried out within the rsnge ^ < X < . If the zero-dispersion wavelength fluctuates 
toward the side of shorter wavelength and chartges to a wavelength that is intermediate and ;^ , then the dispersion 
conipensatron control unit 45 performs control in such a manner that the center wavelength of the first optica! filter 41 
rs shifted so that the wavelengths Ao, X^ will fall within the range of the filter (step 108). Next, the dispersion compensa- 
tion control unit 45 instructs the output wavelength controller 13 to switch the light source of the main-signal light to the 
neishboring light source on the side of shorter wavelength, in response, the output wavelength controller 13 causes the 
light source of wavelength X^ to emit light in addition to the light source of X, and subsequently extinguishse the light 
source of wavelength X, (step 109). As a result, the wavelength of the main-signal light can be changed over to side of 
shorter wavelength without any infen-uption in light. 

! "^^^'^"^ ""^^^^ '^^^'''9 to' '=hangtng over wavelength when the wavelength of the 
ZthT J1^^ '° °' wavelength. In Rg. 30. W represents the wavelength filtering 

width of thefir^t optcal filter 41. If the zero-cfispersion wavelength fluctuates toward the side of longer waveienoth and 
changes to a wavelength intermediate the wavelength of the present light source and the wavelength of the neighboring 
ight source, control is performed in such a manner that the center wavelength of the first optical filter 41 is shifted so 
SniJ"."*)' "l?!!!*.^:.^ width W HI) ^ (2) -> (31 in Fig. 30]. Next, the light source of wave- 

length >2 also emits light in addition to the light source of x, and then the light souitse of Xi is extinguished K3) -» m 
H^JS^ tum^^ main-signal light can be changed over to the side of longer wavelength «rithout ariy 

?hV- "^^^^ describing control for changing over wavelength when the wavelength of the 

wirhof^t £ Z^^rt^T!.^^ ^"^^ °^ wavelength. In Rg. 31. w represents the wavelength filtering 
wdth of the frrst optical filter 41 . If the zero^iispersion wavelength fluctuates toward the side of shorter wavelength and 
changes to a wavelength intermediate the wavelength of the present light source and the wavelength of the neighfaorina 
IS^'"^' P^'^''"^^ ^ "^s""®^ the center wavelength of the first optical filter 41 is shifted so 

hat he wavelengths Xo. X, will fall within thefiltering width W [(1) (2) ^ (3) in Fig. 31]. Next, the light source of wave- 
length Xo also emits light in addition to the tight source of and then the light source of x. is extinguished [(3) -» (4}i 
As a result, the wavelength of the main-signal light can be changed over to side of shorter wavelength without any int«- 
ruption In light. 

^ ^ ^ describing the range of filtering width of the firet optical filter 41 . The filtering 
width W is a range which satisfies the following equation, where AX represents the wavelength spacing of the Maht 
^.twpresenls the spectrum width and fbur-wave mixing is taken into account- ^« H«nneiignt 



AX + T < W < 3AX - 



(5) 



Where AX >T 

If this range is iUuetrated diagrammatically, rt will be the hatched range bounfied by the stra^ht lines in Fig 32 This is 
iSo^^ '"^ '^"^ spectrum width is equal to 1 nm (signal light 40 Gbps x 3 - 1 20G - 1 nm) 
mo • r^'^^i^™' '""^"^ <^««'="'^"fl wavelength relationship between monitoring light and 

mam-signal light. In the embodiment of Fig. 28. the main-signal light and the monitoring light is described as being liaht 
Oenerated by three neighboring light sources (see Rg. 33A). However, the wavelengths of the main-signal light and 
monitoring light need not be adjacent, for light from light sources spaced apart from the light source of the main-sianal 
•ght can also be used as monitoring light, as shown in Fig. 33B. Further, wavelengths of light spaced sufficiently away 
rom Bie wavelength of the main-signal light can be used as the wavelengths of the monitoring light in such a manner 
hat fbur-wave mixing will not take placa In this case, however, the direction of fluctuation of the zero<lispeision wave- 
length cannot be delected accorting to the principle described in conjunction with Figs. 27A and 27B. The amount of 
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wavel9ngth dispefslon. therefore, is calculated by a different method. It should be rwted that four-wave mixing is a phe- 
nomenon in which light hawng a trequency different from that of tiie input light is produced. 
[0130] Rg. 34 is a diagram showing the construction of an optical transmission system in which dispersion com- 
pensation is controlled by measuring the amount of wavelength dispersion using light of a wavelength sufficiently 

5 remote from the wavelength of the main-signal light, and Rgs. 35A to 35C are diagrams useful in describing the funda- 
mentals tor calculating amount of wavelength dispersion. Shown in Fig. 34 are the optical transmitter 10, the optical 
receiver 20, the outgoing optical fransmission line 30, a light multiplexer 31 , a diversion monitor 60 for detecting the 
wavelength (zero-dispersion wavelength) for the transmission characteristic Is optimum in regard to the wavelength dis- 
persion exhibited by the optical transmission line, the incoming optical transmission line 50, the dispersion monitoring 

10 signal transmitter 51 for transmitting the result of dispersion monitoring, and the diversion monitoring signal receiver 
52 for extracting the result of monitoring and inputting the result to the optical transmitter i o. 
[0131] The optical transmitter 10 includesthe plurality of light sources 11, -lip having different wavelengths (Xi - 
ij, the multiplexer 1 2, the external modulator 1 2b, and the output wavelength controller 1 3 for causing prescribed ones 
of th e light sources 1 1 1 • 11 „ to emit light, thereby changing the wavelength of the light output to the optical transmission 

J5 line, and oulputting light of the optimum wavelength to the optical transmission line based upon the result of detection 
by the dispersion monitor 80. 

[0132J The diversion monitor 80 inciudes a semiconductor laser for generating light of wavelengtti X; a pulse gen- 
erator 82 for generating pulses of pulse width d; a Mach-Zehnder modulator 83; a driver 84 for applying a drive voltage 
of 2VTt across both electrodes of the Mach-Zehnder modulator 83 for the duration of the pulse width d ; an optical deteo- 

so tor 85 for detecting light of wavelength X ± AX; and a calculation unrt 86 for calculating amount of wavelength disperston. 
The zero-dispereion wavelength can be obtained from the amount of wavelength diepersioa 
[0133] The Mach-Zehnder modulator 83 ordinarily performs data modulation by a drive voltage Vti. However, by 
performing modulation by the drive voltage 2Vb, which is twice as large, short pulses can be generated at the rising 
edge [(1 } in Fig. 35A] of the driving waveform and at the falling edge [(3) in Fig. 35A] of the driving waveform. F=urthef. 

26 with the Mach-Zehnder modulator 83, chirpi ng (wavelength fluctuation) AX is proportional to the value of the differential 
0* drive voltage Vin. Consequently, the sign of chirping at the rising edge [{1 ) in Fig. 35AJ of the driving waveform is the 
opposite of that at the falling edge [(3) in Fig. 35A], and the two short pulses that are generated have different wave- 
lengths, namely X + Akandx- ax. respeclivety. If the Mach-Zehnder modulator 83 Is driven by the driving drive signal 
Vin having the wavelength shown in Fig. 35B, the wavelength of the generated pulse on the side of the rising edge can 

30 be set to X + AX (where k represents the center wavelength of the light source) and the wavelength of the generated 
pulse on the side of the falling edge can be set to X ■ AX. It the Mach-Zehnder nwdulator 83 is driven by ttie driving drive 
signal Vin having the wavelength shown in Fig. 3SC, «ie wavelength of tiie generated pulse on the side of the falHng 
edge can be set to X - Ai. and the wavelength of the generated pulse on the side of the rising edge can be set to x + AX. 
[01 34] Thus, since the two short pulses generated by the semiconductor laser 81 and Mach-Zehnder modulator 83 

35 have mutually different wavelengths, a spread Ad (d -> d + Ad) is produced in the pulse interval after transmission owing 
to the group del^ difference. Accordingly, it is possible to ascertain the value of dispersion exhibited by the optical 
transmission Kne by detecting the spread Ad. The spread Ad is represented by the foBowiig equation: 

Ad(ps) = [wavelength dispersion D (ps/nm/km) of transmission Ene] 
* X [transmission distance L (km)] x AXe (nm) 

(where AXc; AX of pulse peak portion) 
If the spread Ad is found, the wavelength dispersion D of the transmission line can be calculated from the above equa- 

45 tion and the zero-dispersion wavelength can be obtained from the wavelength dispersion D. 

[01 36] The dispersion monitoring signal transmilter 51 sends this zero-disperson wavelength to the optical trans- 
mitter and the output wavelength controller 1 3 changes over the light source of the main-signal light when the zero-dis- 
persion wavelength becomes equal to a wavelength intermediate the wavelengths of the neighboring light sources. 
[0136] In the embodiment shown In Fig. 34. the receiver is provided with th* unit 86 for calcUating the amount of 

BO wavelength disperskm. However, as shown in Fig. 36. it Is possible to adopt en an-angement in whkjh the transmitting 
side is provided with the calculation unit 86. two short pulses of different wavelengths are sent from the receiving sMe 
to the transmitting side, and wavelength dl^rsion D and zero-dispersion wavelength are calculated on the transmitting 
side. 

[01 37] The embodiment o* Fig. 28 is for a case where use is made of an optical transmitter in which iighf is emitted 
55 solely from the necessary light source. However, it is also possible to use a transmitter hi which all light sources emit 
light constantly , and light having a desired wavelength is output to the optical transmission line through use of a light 
attenuator. Fig. 37 is a diagram showing the construction of such an an-angement using light attenuators. By turrting off 
light attenuators 14, - 14^ provkled between the light sources 1 1 1 - 1 1 „ and multiplexer 12. light from a light source cor- 
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h!™'!? 1° ^ liSfitf enualor that has been turned off can be output to the opBcal transmisstor. Ifne 30. Accordingly 

thl mTn r^TT ^f""'"*'' '"""""'"^ "3^^ l-ght from these light sources and ouS 

ItvSiSh ^k" ° J r I?"" '^^"^'"■'^^'"^ d'^P^'-^n compensation can be carried out by changing oveTtSe 
wavelength of the output light in a manner similar to that of Rg, 28. . 

SLth kTL^. I i ♦r''".' r ' '^^'^^ u "^'"^ ^" "3^^ "9^ "Qt^t Of a desired 

™JnT f *° tf^'ss'O" by a variable-wavelength filter. Fig. 38 is a diagram showing the 

via vanawe-wavelength filters 1 5', 1 S". respectively, provided at the output of the multiplexer 1 2 dispersion 

t on can be carried out by changing over the wavelength of the output light in a manner similar to that of Rg 2^ 

S«n ml '® ?^!f' ^^^^ ^^^^ °* '""t^ly adjacent wavelengms. such as 

between ma.n-s.gnal light and monitoring light, as a result of which wavelength dispersion monitoring cannm be oer 
S 7?' °n tt^f /eceiving side owing to the influence of beat. AccoSy, ^^po.aHzaticns'ofThe Solrri- 

orJl^nt^ ^hT ' "S*^'* '^e occurrence of beTcanTe 

prevented and the precision of wavelength-dispersion monitoring can be improved 

irtinnn^i?" ^^'1^'^ '^'^''^ ^" embodiment In which main-signal light and monitoring light are rendered 
acters. This embodiment differs ,n terms of the construction of the optical transmitter 10. The optical transmitter 10 

the optical transmission system starts ooeratina. tfw niimirt «m,«io««h, ^a^, ho : .. . ,. 



PolanzatKHi confrollers 18, - 18n control directions of polarization of light output from the cotresponding liaht sources 

mS^thr^^'T^^T';!? *r "^'""^ """^^''^ 13. Polarization maintaiSng fiberiSa iS 

maintain the polarization of light applied thereto. 

Inlffll ii„ J"* «8^«'«".Bt^, 13 causes light to be emitted from the light source of the main-signal light 

is nfl^. J^Sl'^'r' °* "^"^ "S^^* °^*^°9"8l. As rSsult, the polarizXn »rS 

dered orthogonal. These light beams are transmitted to the optical transmission line via the polarization mintainSw 
oI!nl™; TT^ 1 '^''"*"'™'^ 1* «^«rnal modulator 12b. Since i^eSriTaTonT^ 

^-"""^^ ^"^ P^*''^"" wavelength-dispersion monitoring cS beTpwSt 
Jomet^ ^ ^ short^llstance transmission system in which the transmission fine has a length of tS^oi 

(f) Embodiment in which wavelength dispersion is compensated for using monrtoring light 

[0142] Figs. 27A, 27B illustrate a case where a characteristic In which the Intensity of a specmc frscjuencv cerao- 

ma n staral StrKT'^'^'f T.T!!!::^' "^'^"^ « internidiatTie ^^velen^Jh 

conponenl at wavelength and the intensity of the specffic fi-equency component at wavelength^ have bec^^ 

Sb.«^*"^\*!r °f intensity of a specWic frequency component 

cann« be approximated by a cun/e of ee^ 

ZS' and xz, represent the wavelengths of the main-signal Hght and morutorirj St 

«^l not be equa^ as shown in Hg. 40C. even if the zero-dispersion wavelength is movLj to the two wavelength cente^ 
IM^'T' . ' ''9^*-^°^^=^«^^^«"Srth spacing is 3.2 nm {= Xs, ■ Xs,) after transmission over arNRZ SsF oi 
rlrJ^:, monrtoring-component intensity ratio \{)^,y.\(>s^ is 1:1.6. where the « parameter is equal to -0 7 If ttie a 
Of Tn^J '^f'""'' '° '^"^'^'^"^ = '-'^^ i" ^ -^^^^ where thecharacte^st^ Of t a ir^ ensity 

at the wavelengths Xs,, Xs^ with the passage of time Is sensed and the fact that the intensity ratio l{is,):l(Xs2) has 
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become equal to the above-mentioned set intensity ratio is detected. If the two become equal, then the zero-disperaon 
wavelength is (Xs j + Xs ^ )/2 . At the moment the two become equal, the monitoring light is changed over to the main- 
signal light and the main-signallight to the monitoring light. 

[0144] Fig. 40A shows a relative delay-time characteristic, and Fig. 40B jjluetrates a power-penalty characteristic. 
5 It is necessary to decide the light-source wavelength spacing Asg ■ ^i such a manner that the power penalty talis 
below 1 dB within the range Xsi to ^sj. 

[0145] Rg. 41 is a diagram showing the configuration of an optical transmission system according to this embodi- 
ment. Components in Fig. 41 Identical with those shown in Rg. 28 are designated fay Uke rrterwce characters. TTils 
arrangement differs from that of Hg. 23 in the tolkwing respects: 

JO 

(1) tight attenuators 14, - I4n are provided between the light sources 1 1i - 1 !„ and multiplexer 12 and prescrtsed 
ones thereof are turned on and off, whereby light from a light source corresponding to a light attenuator that has 
been turned off can be output to the optical transmission line 30 via the multiplexer 12 and external modulator 1 2b; 

(2) the sfructure of wavelength-dispwsion monitors 43, 44 Is dearly shown; and 

IS (3) a 40-QHz signal generator 46 is added on for generating s 40-QHz synchronized to the bit (Bte required for the 
optical receiver 20. 

[0146] By providing the light attenuators 14^ - 14n, the llg^ attenuator of the light source that generates the main- 
signal light can be turned off at all times, the light attenuator of the light source that generates the monitoring light can 

20 be turned off when appropriate and the light from these light sources can be combined and output to the optical trans- 
mission line 30. In other words, by turning off a presa-lbed light attenuator, the wavelengths of the main-signal light and 
monitoring light can be changed over to control dispersion compensation, The wavelength-dispersion monitors 43, 44 
respectively include light-receiving devices 43a, 44a such as photodiodes for converting light, which has been branched 
from the optical transmission line 30. to electric signals; band-pass filters (BPF) 43b, 44b having a specific frequency 

2$ (40 GHz) as their center frequencies; amplifiers 43c, 44c, and power meters 43d. 44d for detecting the power of the 
specific frequency component (40-QHz component). The 40-GH2 signal generator 46 has a dispersion add-on unit 46a 
for dispersing the wavelengfti of light output by the filter 41 and outputUng light that contains the 40-GHz component, a 
light-receiving device 4€b such as a photodode for converting light, which is output by the cSsperslon add-on unit 46a, 
to an electric signal, and a band-pass filter (BPF) 46c having 40 GHz as the center frequency. 

30 [0147] Fig, 42 shows the flow of processing for wavelength dispersion compensation finltial setting) before the start 
of system operation. Before the system Is started up, the output wavelength controller 13 opens and doses the light 
attenuators 14, - 14n In order. The dispersion compensation control unit 45 controls the wavelengfri of the optical filter 
41 and reads In the 40-GHz component intensity, which is the measured value from the power meter 43d, while being 
operated in assodation with the opening and closing of the attenuators (step 201). The dispersion compensation con- 

36 tfo! unit 45 plols the characteristic of the 40-GHz component intensity using this measured value (Rg. 43 A; step 202) , 
From the characteristic of the 40-GHz component intensity, the dispersion compensation control unit 45 obtains the 
wavelengths X4. X3 of two light sources brad<Bting the zero-dispersion wavelength a. for which the 40-GH2 component 
intensity is minimized (step 203). It is assumed that the 40-GHz component intensity at wavelength >^ is smaler than 
that at wavelength A^. 

40 [01 4B] Next, in accordance with a command from the dispersion compensation control urft 45, the output wav»- 
length controller 13 opens the light attenuators 142. l^a con^espondlng to the wavelengths hi, and the dispersion 
compensation control untt 45 sets ttie wavrtength as the center vravelength of the first optical filter 41 and the wave- 
length as the center wavelength of the second optical filter 42 (step 204). 

[0149] Thus, the light of wavelength Xq nearest the zero-dispersion wavelengtii becomes the man-signal light and 
45 the light of wavelenglh becomes the monitoring light, where the wavelengths ig, X3 (Aj < A3) bradcet the zero-disper- 
sion vravelenglh. 

[01 50] Rg. 44 shows the flow of procaseing tor wavelength dispersion oompensatnn In a case where zero-disper- 
sion wavelength moves toward the long-wsvdwigth sida Before the system starts operafing, the dispersion canpen- 
sation control unit 45 obtains, fiwn the characterisHc of the 40-GHz component Intensity, the 40-GHz component 

SD intensity ratio KXj);^!^) tor changing over the main-signal Oght (step 21 1). The intensity ratio is assumed to be 1 :1.6. 
[01 51 ] Next, during system operation, the dispersion compensation control unit 45 reads in the 40-GH2 component 
intensities K^g), l(Ag) of the wavelengths Xg, Xg from the power meters 43d, 44d (step 212), diecks the increase or 
decrease in the 40-GHz component intensities \{}^. \[>^) from one sampling earlier and identifies movement of the 
zero-dispersion vravelength (step 213). 

55 [0152] If ((Xa) is increasing and l(Xg) decreasing in case of movement (see Rg. 43B). it is judged that the zero-dis- 
persion wavelength X is between X^ and X3 and is moving toward the side of longer wavelength (step 214). Next, l(X2) 
Is multipled by 1 .6 to effect a con-ection [KXg) x 1 .6 -> l(x j) ], and [(Xg) after con-ection Is compared with \[-^) in terms 
of magnitude (step 21 5). 
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[0153] If !(X2) < KXa) holds, then processing from step 21 2 onward is repeated, tf = K^,} holds (step 2i6) 
Sr/nTthS * " J^^' '^"^^fi^g light of wavelength^ is ch^ed over to the rn^Lgnil 

SanS is des™b^' bdii wavelength X2 is changed over to the monitoring light. The procedure for making this 

E w«inn* T"'^^"^ "^i!! ^"'^ispe'^ion wavelength K moves further toward the side of 
ZTJ^n^Td^ nT'n' T^T"" ^^^^ispersion wavelength x becomes longer than the 

hmTSl ^ M° * ^ < ^ < ^ established (see Fig. 43C; step 21 7), If A, < X < 

P^?r«i^^r r l'!?f*-«*^«=.« ^'avelength is changed over to the monitoring light (see Fig. 430; step 218? 
Procesangfrorr^ step 212 onward is then repeated. When the monitoring light is changed over, the light attenuator 1 4' 
■s opened and the light attenuator 143 is closed to set the wavelength as the center wavelength of the second optical 

nl^^^ * ^^^^ °* P'"^"^ ft"" controlling changeover of the main-signal light, and Fig. 46 is a dia- 

gram useful rn describing control for changing over the main-signallight. 

[0156] If KXj) = 1(^3) holds (step 216 In Rg. 44), the monitoring light of wavelength Is changed over to main- 
signal light and the main-signal light of wavelength is changed over to monitoring light 

S ' *'!l!^!)l!"^[li'^u°' '""^^ i^^^-^ : state a in Fig, 44). Next, the cenlBr wavelength of the first 

LTh^ W l"^^" ^ =■ K9^« 143 is opened tradualfy 

and tfien he Rght attenuator 14^ is closed gradually in o«ler to prevent instantaneous inlerrupfion of signal (steps ^ 

t'hSf 'ifrhfH? " ^ V^* 'T'f °P^«^- " ^"^""3*°^ is fii^t closed. 

hr.JV ? 'nstantaneous inten-uption of light will occur. If the light attenuator 14^ is closed fully (stale g) 
the center wavelength of the first optical filter 41 is shifted to (step 226; state h). This completes changeove ot^e 

K MnnS.l!^ * • describing the results of experiments in a case where monitorino ■ 

mnniw^^rrt?^ ^^T"^^ ^ ma.n-signal tight and main-signal light of wavelength is changed over to 
the cSS?i22i.^T*i ^ the chamcteristics of received-light powers P(X,), P(^) of wavelengths X,. and 

ha characteilslic of total power P^^,, as wall as the characteristic of reception sensitivity. Fig 47B illustrates eve oat- 

?e uSsS^d'frrRf!^^^^^^ of cljangeover (A), during changeover (B) and after changeover (C). l?v^ 

HR r„-f f ^' , ^ cfranseover of the main-signal light can be perfwmed by holding the penalty below 1 
Saiion of th*e e5e Semi perfoled without de^a- 

'"^fi^-ilih ^ ^""^i^* I!fl^* processing for wavelength dispersion compensation in a case where zero-disper- 
K^^o "^^ short^avelength side, and Figs. 49A to 49D are views useful In describing this 



S^L ™S °* *y«'«'" opwatlo'^ *» light Of wavelength nearest the zero^ispei^ion wavelength is 

se^ to the mam^KJnal ygWar«l the light Of wavelength is set to the mo 

Fia 42, where the wavelengths Ag, (Aj < A5) bracketthe zero-dispereion wavelength. ^ 
Kai operation the dispersion compensation control unit 45 obtains, from the characteristic of the 

main-signaf ligirt (step 251). The intensity ratio is assumed to be 1 1 6 

i^ff ' '^^ compensatton control unit 45 reads in the 40-QHz component 

d«r«« i!^^'; tlu '^"^'^a*'^^ ^' ^ *he power meters 43d. 44d (step 252), checks the increase or 

tzx:^:^^:^'^!;:^^^^ '^^^ '"-^ ^^-^^""^ ^^^'^^ * ^ 

[0163] If 1(^2) is decreasing and increasing In case of movement (see Fig. 49B), it is judged that the zero-dis- 
isrriTT.' ^^'^"^ Of 6hor?er Jeleng^^^'sS. 2?^' N^^^^^^^^ 

ofrJSl (s5i 255? ^ " '^^^^l- ^"'^ after correcHon is compared with ,;.3) in ieS 

thTrJiin-siSil^Ht^^iri^r/^^^f"'^^^^^^^^ « =.'C^3) holds (step 256), 



Indrrm I' Jl"""^ '"""''"""^ "3^^* °* wavefeng^""x;fe ch;nged to^he mai;.S;,^'S 

d^c^bed beS" wavelength is change to the monitoring fight. The procedure for maMng this change is 

10165] If, after the main-signal light is changed, the zero-dispersion wavelength X moves further toward the side of 

wavelength Ag of the maln-signat light and the relation < x < Aa Is established (see Fig. 49C; step 257). If Xi< A < Aa 
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holds, ttien the light of light-source wavelength is changed over to the monitoring light (see Fig. step 258). 
Processing frran step 252 onward is then repeated. When the monitoring light is changed over, the light attenuator 14^ 
is opened and the light attenuator 143 is closed to set the wavelength as the center wavelength of the second opticaf 
filter 42. 

[0166] Rg. 50 shows the flow of processing for confroliing changeover of main-signal light in a case where zero- 
dispersion wavelength is moving toward the short-wavelength side, and Fig. 51 is a diagram usefiJ in describing control 
for changing over the main-signal light. 

10167] If l(^ 2) = \{x^) tiolds (step 256 in Fig. 48), the monitoring light of wavelength is changed over to main- 
signal light and the main-signal light of wavelength X3 is changed over to monitoring light. 
(01 68] Rrst, the ight attenuator 1 42 is closed (step 271 ; stats a In Fig. 51 ). Next, the center wavelength of the first 
optical filter 41 is shifted toward the side of shorter wavelength and control Is performed in such a manner that the wave- 
lengths Xi fall within the filter range W (step 272. states b, c). In state c, the light attenuator is opened gradually 
and then the light attenuator 143 Is closed gradually in order to prevent instantaneous interruption of signal (steps 273 
- 275; stated d - f). if the light attenuator 1 43 Is closed fully (state g), the center wavelength of the first optical filter 41 is 
shifted to ^2 (step 276; state h). This completes changeover of the main-signal light (step 277). Finally, the light atten- 
uator 1 43 is opened and Xg is set as the center wavelength of the second optical filter 42 (step 278). Thus, the main- 
Signal light can be changed over while the power of the light is held constant. 

[0169] Figs. S2A and 52B are diagrams of 40-GHz component intensity characteristics for respective modulation 
schemes when modulation has been performed by 40-GHz data, in which Fig,. 5SA is a characteristic diagram for OTDM 
modulation and Fig. S2B a characteristic diagram for RZ mod Nation. In case of OTDM modulation, the zero-dispersion 
wavelength is one where the characteristic indicates a minimum value at the center of two peaks. The characteristic in 
the vicinity of the zero-dispersion wavelength can be approamatad by a curve of second degree whose summit is indi- 
cated at the zero-dispersion wavelength. Owing to the symmetry of the curve of second degree, the fact that zero-dis- 
persion wavelength has changed to a wavelength intermediate the wavelength X, of the main-eignal light and the 
wavelength Xg of the monitoring light can be detected when the intensity of the 40-GI-lz ccmiponent at wavelength X^ 
and the intensity of the 40-QH2 component at wavelength Xg have become equal. 

[01 70] In case of RZ modulation, the zero-dispersion wavelength is one where the characteristic indicates a maxi- 
mum value. Htb characteristic In the vicinity of the zero-dispersion wavelength can be approximated by a curve a sec- 
ond degree whose summit is indicated at the zero-dispersion wavelength. Owing to the symmetry of the curve of 
second degree, the fact that zero-dispersion wavelength has changed to a wavelength intennediate the wavelength M 
of the main-signaf light and the wavelength Xg of the monitoring Sght can be detected when the intensity of the 40-CI-t2 
component at wavelength X, and the intensity of the 40-QHz component at wavelength Xj have become equal. 

(g) First embodiment for controlling main-signal light by detecting a wavelength for which the intensity of a specific fre- 
quency component incGcates the maximum value 

[01 71] In the case described above, the zeronJisperslon wavelength for which the intensity of a specific frequency 
component ireScates the minimum value Is detected and wavelength dispersion is controlled by using, as main-signal 
light and monitoring light, two light-source wavelengths bracteting the zero-dispersion wavelength. It should be noted 
that the power penalty can be made less than 1 dB even if the wavelength of light sent to the optical transmission line 
Is decided such that the intensity of a specific frequency component (the 40-GHz cotiponent) lakes on the maximum 
value, as evident from Fig, 53. Accordingly this embodiment obtains two Ight-eouroe wavelengtfis X2, Xg (Xg < x^) 
bracketing a wavelength for which the intensity of the 40-QHz component Is maximized, adopts the wavelength of light 
for which the intensity of ttie 40-QHz component is largw as the main-signal light and adopts the light of the other wave- 
length as the monitoring light. 

[0172] The characteristic in the vicinity of the wavelength far virtiich inten^ty is maximized can be approximated by 
a curve of eecond degree. Owing to the symmetry of the curve of second degree, the fact that wavelength for which 
intensity is maximized has changed to a wavelength Intennediate the wavelength Xg of the main-signal light and the 
wavelength X3 of the monitoring light can be detected when the intensity of the 40-eHz component contained in the light 
of wavelength Xg and the intensity of the 40-GH2 component oorttalnad in the light of wavelength X3 have become equal. 
[0173] The direction in which the zero-dispersion wavelength fluctuates, i.e.. the direction of fluctuation of the wave- 
length for which intensity is maximized, can be obtained based upon the increase or decrease in the intensities l{Xe), 
l(X3) at the light-source wavelengtiis Xg, X3, respectively. More specifically, (1) when the wavelength X^ for which inten- 
sity is maximum fluctuates toward the side of tonger wavelength, the monitoring component intensity KXg) d the wave- 
length X2 of main-signal tight decreases and ttw monitoring component intensity l(Xa) of the wavelength X3 of monitoring 
light increases, as shown in Fig. 54A. (2) when the wavelength X^, for which intensity is maximum fluctuates furMier 
toward the side ol longer wavelength and exceeds tie wavelength X3. both KX^) and KXj) decrease, as shown in Fig. 
S4B. (3) when the wavelength x^ for which intensity is maximum fluctuates toward the side of shorter wavelength, on 
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the other hand, the monrtonng component intensity Ki^) of the wavelength of monitoring light increases and the 
monitoring component intensity \[}^) of the wavelength ^ of main-signal light decreases, aslhown in Fig. 54D When 
shorter than the wavelength T^. both and {{Xg) decrease, as shown in Fig. 54E. "cvajii«» 
•Control when wavelength for which intensity is maximum fluctuates towaitJ side of longer wavelength 

Zli \ ^ 1 '"^"^ wavelength ^ tor which the monitoring component intensi? is 

TZtTl ^ ' '^^^ «^ «■ ""ring system operation, the wave- 

S T™"" '^^''^ "^^^ °* wavelength and the relation l(Xj) = I(;l3) is eslab- 

^avlSflT^^ Of wavelength A, is Ranged over to the main-signal light and the main-signal iSrtof 

Zc lT, ^ '^T' '° "'""'"'■"'S ''9"^ wavelength of maximum intensity fluctuates fuiier tLaS 
of wavelength As 18 made the monitoring light (see Fig. 54C). A"""™ 
•Control when wavelength tor which intensity is maximum fluctuates toward side of shorter wavelength 

ISI wieleI^?rKh>hT''''°?^"' °* liSht^ouroe waveienglhs H.^{K,< that bracket 

l^^ZT^ \ component intensily is maximized are obtained, the light oflUelength X, 

adopted as monitoring light. K. dunng system operation, the wavelength of maximum intensity fluctuates toward the^de 
IT^'rZTlT '^'^^ = '^"'^ ^^-^ monitorinj light of wavelengr^t 

! ^ 'ntensity fluctuates further toward the side of shorter wavelength and both l(A<0 

dec^ease(seeRg.54E). then the light Of wavelength^instead Of wavelength ;i3 is rn^^ 

f?iuS^".t^!!^^'"!f "L*"' ""^ niain-signal light by detecting a wavelength for which the intensity of a specific 
frequency component indicates the maximum value 

TJUn. '"^^ embodiment described above, the zero<fispersion wavelength for which the intensity of a specific 
riXhlni'T^*? "^^^^^^ ^"^ wavelength dispersion Is controlled by using, as 

main-signal light and monitoring light, two light-source wavelengths bracketing the zero-dispersion wave^enoth As 

1 2 thf T r^"** '"^'"^"^ *^ ^ zero^Jispersion wavSength A for whIch Sten 

sily of the specffc frequency component indicates the minimum value. If the characteristic of the specific frequency 
mponent is sh«ted leftward by AX, tfie result will be as indicated by the dotted line in Rg. 55. In Sa^SS 
^Zt ^^T"^"' "^'^^"^^ '"'=''«ti"9 wavelength of maMmum Intercity 1 the 2ero-disS«^ 
lengasince the cr^racteristicinthe Vicinity Of the z^^^ 

dispersion can be conpensated for in accurate fashion. w-veiengin 

H^irilt '"t^srty of a specrfc frequency component indicates the maximum value is detected and light of the zero- 
dispereion wavelength is sent to the optical transmission line. b i o. me zero 

J'^' ^ configuration of an optical transmission system in which main-sianal light 

fers from that of Fig. 41 m that dispersion-add on unite 47. 48, which furnish teceived light with wavelength dispersion 
conforming to the wavelength difference AX between the wavelength X„ for which intensity is maximum and the zero- 

rZhiti ''^^ the wavelength of light oiilpuf by the fi^t optical filter 41 set to the wLe- 

thiftTwa^elX ■ * AX) and the wavelength of maximum intensity resides betw«n 
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■Control when wavelength tor which intensity is maximum fluctuates trnvard side o1 longer wav^ength 

[01 79] Control Is such friat prior to system Qpera«on, the wavelength ^ for which the monftoring component inten- 
sity is maximized is delected, the two light-source wavelengths Aa. h f^a < that bradtet the zero-disperaion wave^ 
length(Xn, - AX) are obtained, the light of wavetength for which the monitoring component intensity is smaller is 
adopted as main-signal light and the light of wavelength is adopted as monitoring light. If, during system operation, 
the zero-dispersion wavelength fluctuates toward the side of longer wavelength and the relation 
+ » KXj + Ak) te est^ished, then the monitoring light of wavelength Ag is changed over to the main-signal 
light and the main-signal light of wavelength Xg is changed over to the monitoring light. If the zero-dispersion wavelength 
fluctuates further toward the side of longer wavelength and both ICXj + AX) and [(Xg + AX) decrease, then the light of 
wavelength X4 instead of vravelength X^ is made the monitoring light. 

•Control when wavelength for which intensity is maximum fluctuates towatd side of shorter wavelength 

101 80] Control is such that prior to system operation, the wavelength X^, for which the monitoring component Irrten- 
sity is maximized is detected, the two light-source wavelengths A^. < h) *at bracket Vne zero-dispersion wave- 
length(X,ni " ^) are obtained, the light of wavelength X3 for which the monHwing component Intensity is smaller is 
adopted as main-signal light end the light of wavelength Xj is adopted as monitoring light. K, during system operation, 
the zsro-dleperaion wavelength fluctuates toward the side of shorter wavelength and the relation 
KXj + AX) - l(Xg + AX) is established, then the monitoring fight of wavelength Xg is changed over to the main-signal 
light and the main-signal light of wavelength X3 is changed over to the monitoring BaJit. If the zaro-dispereion wavelength 
fluctuates further toward the side of shorter vravelength and both l(Xg + AX) and KXs -i- AX) decrease, then the light of 
wavelength Xi instead of wavelength Xg is made the monitoring tight. 

[P181] Fig. 57 is a diagram showing another configuration of an optica! transmission system in which main-signal 
light is changed over by detecting a wavelength for whit^ intensity is maximum. Components in Fig. 57 Identical with 
those of the optical transmission system shown in Fig. 56 are designated by like reference characters, This arrange- 
ment differs from that of Fig. 56 in that the 40-QHz signal generator 46 is eliminated and the 40-GHz signal is input to 
the optical receiver 20 from the bandpass liter 43b. 

(1) Embodiment fbr detecting a wavelength for which the inteneity of a specific frequency oonponent indicates the min- 
imum value and servding an optical transmission ine main-signal light for which the intensity of the epecHIc frequency 
component is maximized 

[0182] In the embodiment of Rg. 53, the wavelength Xm for which the intensity of the specific frequency component 
is maximized is dtiected and light having the light-source wavelength fbr which the intensity of ttie specific frequency 
component is maximized Is sent to the optical transmiaslon line as the maln-algnal light. As shown in Fig, 58, let AX rep- 
resent the difference in wavelength between !he wavelength X„, for which the intensity of a specific frequency compo- 
nent indicates the maximum value and the zero-dispersion wavelength X for which the intensity of the specific frequency 
component indicates the minimum value. If the characteristic of the specific frequency component is shifted rightward 
by AX, the result will be as indicated by the dotted line in Fig. 55. In accordance with the shifted characteristic, the zero- 
dispersion wavelength is the wavelength of maximum intensity that prevailed prior to the shift. 
[0183] According to this embodiment, therefbret control Is oanled out in such a manner that the zero-dispersion 
wavelength for which the intensity of a spedf k: frequency component indicates the minimum value is detected and light 
of the wavelength X„ of maximum intensity Is sent to the optica] transmission line, The configuralian shown in Fig. 56 
can be employed as the optical transmission system of this embodiment However, the dispersion add-on units 47, 48 
prcvWe the output light of optical filters 41 , 42 with wavelength dispersion conforming to -AX. As a result, the wavelerigfri 
X2 of the main-signal light output by the first filter 41 becomes (Xg - aX). the wavelength Xg of li^t output by the second 
optical filter 42 set to the wavelength Xg of monitoring light becomes (X3 - AX) and the zero-disperelon wavelength 
resides between these two wavelengths. , 

•Control when zero-dispersion wavelengfri fluctuates toward side of longer wavelength 

[0184] Control is such that prior to system operation, the zero<fispersion wavelength X for which the monitoring 
component intensity is minimized is detected, the two light-source wavelengths A^, X3 (Xg < X3) that bracket the wave- 
length (X + AX) of maximum Intensity are obtained, the light of wavelength Xj for which the monitoring component inten- 
sity is larger is adopted as main^signal light and ttie light of wavelength X3 is adopted as monitoring light. If, during 
system operation, the wavelength for maximum intensity fluctuates toward the side of longer vmvelength and the rela- 
tion l(x 2 - AX) = l(x J - AX) is esUbllshed, then the monitoring light of wavelength X3 is changed over to the main-sig- 
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na] light and the main-signal light of wavelength ^ is changed ever fo the monrtoring light if the zero-disD«rKinn 

light Of wavelength instead of waveiength ^ IS mads the monitoring light. 

•Control when wavelength of maximum intensity f iuchiates towart) side of shorter wavelength 

cSSnant^'^ltl^e^ *^'5'°'JVrl^"'u°''''^*'°"' ^ ^^^°^'spe.Bion wavelength X for which the monitoring 
S, n '""'"'"^ liflht-source wavelengths ^.H{h< that bracl<et the wave 

^nghX.^AX)<^maxi™mintenBrtyareobtalr,e^^ 

sity ts larger .s adopted as main-signal light and the light of wavelength is adopted as monitoSnVS ?f dJr^ 
^P^.^'"*™'^^' for maximum intensHy fluctuates tolISrd t^e side Iho^e^e ngt^'a d h^^^^^ 

ir^l^i*.,? Jf "9"^ wavelength X3 is changed over to the monitoring light, If the wavelength tor which 

then the light of wavelength X, instead of wavelength is made the monftoring light 

G) Embodiment in a case where two waves are used as monitoring light 

StinK. ^ *"*^"® zero-disperston wavelength is detected using two waves namely main- 

^T vl^T^ ' *'!^'*'°" Of ==«-o^ispef5ion wavelength and control for changing over main-signal ligl^t aS 
r^on-tonng hght are earned out us.ng three waves, namely main-signal light and two monitoring iight Seams S 5^ 
to 59D are diagrams useful in descrilwng the principle of detection of zoro-dispereion wavelencm and ^rnl ih rh=n« 
ing over main-signal light and monitoring light using three waves ™™length and control Ibr chang- 

KilghtSjJj.s'" * * wavelengths of the three waves of main-signal light and mon- 

(1) If the zero-dispersbn wavelength X moves toward the size of longer wavelength so that X > X, holdrs ^Se. f« 
59A), the wavelength of the monitoring Rght is switched from X, to ^ «» tnat X > X3 holds (See Rg. 

(2) If the sero^spetBlon wavelength X tails within the range Xj < x <X3 (see Rg 59B) and becomes eouai *n 
{^3 - . the n;»nitorinfl light Is changed over to the Ssfgnal light and the ml signal 2g^^^^^^^^^^^ 

Ln!^ "ZT""^ ««><lisper8ion wav^enjjh x moves toward the S SZe?t^ 

ength and becomes equal to (X 3 - x . the monitoring light of wavelength X3 is changed over to the mah-ZS 
ightarKJ the main-signal light of wavelength ^ ta changed over to the mentoring \m^^^rSiTirZ^. 
length X moves toward the side of shorter wavelength and becomes equal to (X, - X,iS tt« ™Jtn?nTliJS^ 

to (Xg . XiJffl , the monltorpng light is changed over to the main-signal light and the maln-sianal lioht is rhann^i 

ight a^ the ^ain-signaMight of wavelength X, is changed over to the monitoring light H the zero-diXSnS 
wS^LhT' T"^? ^^'T'^'^ ^"^^^ becomes equal to (X, - x,>/2 , the mSSJ n^^J 
tXjSto^Ct7"^""^°^^"^"^^^^^ 

(4) if the zeKKJispersion wavelength X moves toward the stie of shorter wavelength so that X < Xi holds fsea Ro 
59D), the wavelength of the monitoring light is changed over from X4 to X,. ^^^<M noids (see Rg. 

i. "^"^ "'"'ifluration of an optical transmission system in which wavelength dis- 

fn r1 iH^?^^-.*" usirrg three waves, namely main^gnal light and two morftoring light beams. ComSnwJs 
in Fig. eo^dentical wrth those of the optical transmission system shown In Fig. 41 are desigrwtSbyKte refeSZ- 
acters. This airangement differs from that of Fig. 4l in the fbltowing respects: ""^^S™*^''y"'«^^'^'«'««*ar. 

il™'S'lSr''^*°'^ ^ "lain-sional light and two beams of monitoring light tram three adja- 

cent light sources are combined and sent to the optical transmission line; ^nraeaqia 

lei^ithfe^STittl;'^^^^^ 

(3)afhirddispersionmork>r 62 is provided and measures the intensity of the 40.QHzconT3onent CO 
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second monitoring light: and 

(4) the dispersion compensation control unit 45 controts changeover of the main-signal light and changeover of the 
monitoring light tjased upon the intensities of the 40-QHz component contained in the three waves, namely in the 
main-signal light and first and second monitoring light. 

[0189] Rg. 61 shows the flow of processing for wavelengtti dispersion compensation (initial setting) prior to system 
operation in a case where three waves are used. Before the system Is started up, the output wavelength controller 13 
opens and closes the Oght attenuators 14^ - 14„ in order. The dispersion oonpensation control unit 45 controls the 
wavelength of the optical fitter 41 and reads In the 40-QHz cotrponent intensity, which is the measurement value from 

10 the power meter 43d, while being operated In associalicHi with the opening and dosing of the aflenuators (step 201). 
The dispersion compwisation control unit 45 plots the characteilslic of the 40-GHz conimnent intensity using this 
measured value (step 302). Tlie dispersion compensation control unit 45 then obtains the two light-source wavelengths 
^2 and X3, which bracket the zero-dteperslon wavelengtti a. tor which the imensHy of the 40-caHz component is mini- 
mized, and the wavelength for which the intensity of the 40-QHz component is small, reads In the Intensities of the 

IS 40-GHz components of the three wavelengths Xi to and compares the magnitudes of thr^e read intensities of the 
40-OHz components (step 303). 

[0190] Next, in accordance wth a command from the dispersion compensation control unit 45, the output wave- 
length controller 13 opens ttie two light attenuators that con-espond to the wavelength (A^) for which the 4O-GH2 com- 
ponent intensity is smallest and the wavelength (J^) for which the 40-QHz component intensity is the second smallest. 
so sets the wavelength of the smallest value as the center wavelength of the first optical filler 41 and eete the wave- 
length ^ of the second smallest value as the center wavelength of the second optical filter 42 (step 304). 
[0191] The output viavelength controller 13 opens the light attenuator con-eq»ndlng to the wavelength X, and sets 
the wavelength as the canter wavelength of the third optical filter 43 (step 305). 

[0192] Fig. 62 shows the flow of processing for wavelength dispersion compensation after the start of system oper- 
as ation in a case where three waves are used. Before the system starts operating, the dispersion compensation control 
unit 45 obtains, from the characteristic of the 40-QHz component intensity, the 40-QHz component intensity ratio 
l(X2):K^ for changing over the main-signal light (step 311). The intensity ratio is assumed to be 1 :1 .6. 
[0193] Next, the dispersion compensation control unit 45 reads in the 40-GHz component Intensities l(;ti). IC^ 
l(X3) of the wavelengths Xi , x^, X3 from the power meters 43d, 44d, 62d, respectively (step 312), coinaares these Intend 
30 sities in terms of magnitude and idenfif ies movement of the zero-diapersion wayelmgth (step 313). 

[0194] H the zero-dispersion wavelength X moves toward the side of longer wavelength go that l(Xi) > \(Xs) > WU) 
holds, then X > holds [Fig. 59(a); step 314). In such case the monitofing light is changed over from the light of light- 
source wavelength X, to the light of light-source wavelength X^ (step 315), Processing from step 312 onward is then 
repeated. When the monitoring light is changed over, the light attenuator 14* is opened and the light attenuator 14, is 
35 closed to set the wavelength as the center wavelength of the second optical filter 42. 

[0195] If the zero-dispersion wavelength X moves toward the side of shorter wavelength so that K^i) <\[X^< \{Xs) 
holds, then X, < Xi holds [Fig. 59(d); step 316). In such case the monitoring light is changed over from the light of light- 
source wavelength X4 to the Bght of nght-souree wavelength (step 317). Processing froni step 312 onward is then 
repeated. When the moniioring light is changed over, the light attenuator 144 is opened and the flght attenuator I4i is 
40 Closed to set the wavelength \i as the center wavelength of the second optical filter 42. 

[01961 If 1(1,1) > [(Ag) 2 i(X2) holds, on the other hand [see Fig. 59(b)]. then the zero-dtspersion wavelength x satis- 
fies the relation < X < (step 318). If the zero-dlspersron wavelength is between and Xg, then KAs) Is muftiplied 
by 1.6 to effect a correction [KAj) x 1.6 -» KX^) ]. and KA^) after correction is compared with l(X3) in terms of magni- 
tude (step 319). 

« 10197] If l(A,g) •i' KXj) holds, processing from step 212 onward Is repeated. If KXj) = 1(^3) holds (step 320). then 
the main-signal light is changed over That Is, the monitoring light is changed over to the main-signal light and the main- 
eignal light Is changed over to the monitoring light The procedure for maWng this change is described below. 
[0198] If HXj) s l{Xi) < 1(^3) holds [see Fig. 59(c)l, then *e zero-dispersion wavelength X satisfies the relation X^ 
<X<Xz (step 321). If the zero-dispersion wavelength X Is between and X2. then \(x^) is muHipfied by 1 .6 to effect a 

50 correction [ l( X ^ ) x 1 .6 -» !(>. , ) ], and l(Xi ) after connection is compared with l{Xa) in terms of magnitude (step 322). 
[0199] If l(X2)#l(Xi) holds, processing from step 312 onward is repeated. If I(Xj)s|(X,) holds (step 323). then 
the main-signal light is changed over. That is. the monitortng light of wavelength X^ is changed over to the main^ignal 
light and the main-signal light of wavelength X, is changed over to the monitoring Ijght 

[0200] The foregoing Is for a case where the zerondispersion wavelength has moved toward the side of longer 
65 wavelength. If the zero-dispersion wavelength moves toward the side of shorter wavelength, the main-signal light and 
monitoring light can t>e ciianQed over in similar fashion. 

[0201] Rg. 63 shows the flow of processing for controlling changeover of the main-signal fight in a case where three 
waves are used, and Fig. 64 is a diagram usehjt in deserving control tor changing over the main^ignal light. 
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TSLJ " '^^'^ . ^'3- "^'"9 wavelength is changed over to main- 

signal light and the man-signal light of wavelength is changed over to monitoring light 9 °™ » 

T'T;,*^ attenuators Ug, 14, are dosed (step 331 ; state a In Fig. 64). Next, the center wavelength of 
Z ZZT'"' V 'T"" "^^^'^ath and control is performed In such ^nTZ 

Ir^d^lvTr^ll;^ ! ""'r the fitter range W (step 332, states b, c). In state c, the light attenuator 143?s oS 
SSlitSStlJ ^'^^^^'T ''f 9^"^"y (Steps 333 ■ 335; states d - f). If the light attenuator is 

(k) Wavelength mUtipladng embodiment 

(k-1) First enrtodiment of wavelength multiplexing 

K^Ilf ^ ^ '^^^T * vvavelength muHiplexing optical transmission system is provided with a wave- 

^aT^Si^^^Sl'^^T JT'' '"'^'"'^^ ^ P'"'^'^^ °* ^^'^ '^"^■^itt^^ 71 « ■ 71n; a multiplexer 

oal iransmssfen line 30; a demultiplexer 73 for separating light, which has been received from the optical transmission 

Lh?!^ l compensation control unit 75 for separatebr performir,g dispersion compensation control of 

of the muitplexed wavelengths; a dispersion monitoring signal transmitter 76; dispersion monitoring signal received? 

signal light and monrtonng light from each of the transmitters 71a -Tin eroimain 

■ Enathri*'T''S'' ?h ' f ^T'"'*^ ''^^ "9*^* °* "^"'"^I'l' different 

wavelengths ia, -Aan Ato^ -Ab^, • • • ^i -Xn„; light attenuators ATT for adopting light of prescribed waveten(itte;u 
^mt^i^t'SrS^'^'''^^ • • • ^-a--'5^ring?gtf wh^ei^^^^ 

S^J light sources: an arrayed waveguide grating AWG for combining the maln^gnal light and mon- 

tonng light; and an external modulator EMD for modulating light by 40-Qbps data arnanomon 
Ss JT H*" '''';**'r."!±f ^* "'^P'^^"" competTsators 91a - 91n which compensate for dis- 

S^wL^l^^f k/ wavelength differences between a reference wavelength (ag.. the zero^lisperslon 

nSiffiSc «f T dispersion-corrpensated main-signal light is set as the center wavelength; second 

wSlIifh ■ *° ^^H"^ wavelength of the dispersion-compensated monitoring light is set as the cenTer 
wavelength; firat wavelength^ispersion monitors 94a ■ 94n for detecting and outputting the intensity of a soecific f a 
quency component (the intensity of the 40-GHz component) contain^ in the dispeScSmSaVed mainl,S 
'*''^!?^rr'^"*'^''P*^'''"'^"^^-»5nfordelecti^ 

SsSrsl'l^n''*''''"'''"^^ 

[02071 The dispersion compensation control unit 75 (l) performs dispersion compensation control eeoarateiv fnr 
each Of the multiplexed wavelengths and (2). or the basis of the results orconfli^l. InslSe ouru^wavSg 
Lnll J°,H ""J "T'"""'^"^ "^"^ ""^ light of each transmitter and changes the^emer w^- 

dS^ omn«n T ^^-h Of the receivers. In accordance with the command ZTe 

S«Z ^^^^^ wavelength controller 78 changes over the main-signal light and 

S^cT^tL ^i'^'^TJ, " 75 is carried out in accordance with the method 

descnbed above in cor^unction with Figs. 41 to 51 . ■ noinoa 

SiQna^chnr'S,I;:?n!!S T ^'^"^"^i"^^ ■ 71n outputs, to the optical transmission line as 

0 tSe ooh?ri;rrj 

SntTL?.? i, * f ,^u' '™"*'""9 nght,, light generated from a light source neighboring the 

rnrnnlli ° Wavelength) and prescribed light-source wavelengths. The dispersion 

compensation control unit 75 detects that the ratio between the intensities of ttie specific frequency component wn" 

rlavelenrSnt^^^^ ^ changeover the m^n-signal light and monitoring light. Thus, 

a wavelength multiplexing optical transmesion system can be provided with a dispersion compensation fiiction fo^ 
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every multiplexed wavelength. 

[0209] Fig, 65 deals with an example in which control of dispersion compensation tor every wavelength is per- 
formed using two waves, nam^y the main-signal light and the mcfniloring light. However, control of dispersion compen- 
sation for every wavelength can also be performed using three waves, namely the main-signal light and two beams of 
monitoring light. That is. each of the transmitters 71a - 71 n outputs, to the optical transmission fine as main-signal light, 
light hawng a prescribed vravelength from the light generated by the plurality of light sources and, in order to detect a 
wavelength for which the transmission characteristic is optimum in regard to the wavelength dispersion of the optical 
transmission line 30, combines, as monitoring light, light generated li-om two light sources neighboring the light source 
of the main-signal light with Sie main-signal light. Tlie receivers 74a - 74n respectively include dispersion compensator 
which compensate for dispersions produced by wavelength differences between the reference wavelength (e.g., the 
zero-dispersion wavelength) and prescribed light-source wavelengths. The dispersion oompensalton contro! unit 75 
compares the intensities of the specific frequency component contained in the main-signal light and two beams of mon- 
itoring light ou^Dirt by the dispersion compensators, detects, based upon the results of conparison, a range of wave- 
lengths in whicii tile optimum wavelength is contained, and instructs the output wavelength controller 78 to change over 
the main-signal ligN and monitoring light when the intensity ratio of the two wavelengths that braci^et the optimum wave- 
length attains a predetermined value. This wrangement also maltes it possible to prowde a wavelength multiplexing 
opticai trartsmissiwi system with a dispersion compensation function for every multiplexed wavelength. 

(k-2) Second embodiment of wavelength multiplwing 

10210] Fig. 67 is a diagram of an optical transmission system according to a second embodiment, k) which Ibur- 
wave muifiplexsd transmission is performed. This system includes one consolidated transmitter 71 and receivers 74a - 
74d, provided for respective ones of multiplexed wavelengths, tor identifying data from light of the respective wave- 
lengths. The system further includes the demultiplexer 73 for separating light, which has been received from the optical 
transmrasion line 30. according to wavelength, one monitor 75 provided tor all multiplexed wavelengths, and the disper- 
sion monitoring signal transmitter 76 tor transmitting monitoring signal (the result of dispersion monitoring). 
[021 1] The transmitter has the plurality of light souroee 1 1 1 - 1 1 „ for generafng light having different wavelengths 
X, - the light attenuators 14i ■ 14^ for outputUng n-number (e.g.. four) of light beams as main-signal light (one of 
which serves as also as monitoring light) from the light generated fay the plurality of light sources; a multiplexer/demul- 
tiplexer 1 8 for combining the four main-signal light beams and separating each of the main-signal light beams; external 
modulators 12bi ■ 12b4 for on/off-modulating main-signal light, which is output by the multiplexer/demultiplexer 18, by 
40-Gbps data; and a multiplexer 19 tor combining the light output by the eirternal modulators and sending the resultir^ 
light to the opticai transmission line 30. Purser, the trsmsmitter 71 has the dispersion monitoring signal receiver 77, 
which receives the result of monitoring sent from the dispersion monitoring sj^ial transmitter 76, and the output wave- 
length controller 78 which, on the basis of the results of monitoring, controls changeover of the four main-signal light 
beams (monitoring light). 

[021 2] The receivers 74a - 74d respectively Include dispersion compensators 744, - 74di which compensate tor 
dispersions confonming to wavelength differences - id^ between the zertKRspeiston wavelength and the wave- 
lengths Xs - of the main-signal Hght produced by the four aght sources; optical fBtere 74a2 - 74da set to the wave- 
lengths Afi - X5 of the dispersion-compensated main-signal Kght as their center frequencies; and 40-Obps receivers 
7483 • 74d3. 

[0213] The monitor 75, which Is for carrying out control of dispersion compensation using, say, light of wavelength 
as main-signal Hght and light of wavelength A4 as monitoring light, has an optical filter 75a, first and second wave- 
length-di^jersion monilors 751* 75c, and a dispersion compensation control unit 75d. The wavelength of the disper- 
elon-compensated monitoring light is set as the center frequeney-of- the optical filter 75a. The first wavelength- 
dlspersion monitor 7Sb detects and outputs the intensity of the 40-GH2 component contained in the dispersion-com- 
pensated main-signal light, and the second wavelength-dispersion monitor 75c detects and outputs the intensity of the 
40-GH2 conponeni contwned in the dispersion-compeneated monitofing light. The dispersion compensation control 
unit 75d controls dispersion oompensation using the tnteneity of the 40-GH2 corifionent contained in the main-signal 
light and monitoring light and, based upon the resuH of control, instructs the output wavelength controller 78 to change 
over the man-signal light (monitoring light) and changes the center wavelengths of the opticai filters 74a2 - 74d2 in the 
respective receivers and the center wavelength of the optical filter 75a in the monitor 75. It should be noted that ih e dis- 
persion compensation control unit 75 controls dispersion condensation in accordance with the method described 
above in conjunction vnth Figs, 41 to 51 . 

[0214] In accordance with the command from the dispersion compensation control unit 7Sd, the outfxif wavelength 
controller 78 changes over the main-signal light and monitoring light by shifting all of the four beams of man-signal light 
one wavelength spacing each toward the side of shorter or longer wavelength, as shown In Fig. 68. This arrangement 
make it possible to control wavelength dispersion without the addition of a light source exclusively for monitoring. 
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!!SSri„„ ? ^ ^sp^on compensation can be controlled using any two adjacent light beams as 

monitonng light and main-signailight. 

(k-3) First modification of second embodiment 

[021 61 The demKtiplexer 63 in Fig. 67 demultiplexes only main-signal ligtit of wavelength A* to the receiver 74d 
™r^i'.*™^'''V' demultiplexing both monrring fight arTmain^ g^r^gTto tlfe 

receiver 74d. In such case the optical transmission system would be configured as shown in Fig. 69. 

CI<-4) Second modification of second embodiment 

f,°!! ^ . ®^ ^ '^^^ ""^^^ cirspereion compensation is controlled using two waves, namely main-signal 

!fnn=M r iT^ '!?^- " " ^'^ P""*""* * ^^e'ength dispersion using three waves, namely main- 

signal ligN and two beams of monitoring Hght. In such case the monitor 75 would use light from three adjacent light 
sources as the mam-signal light and two beams of monitoring light. More specifically, the monitor 75 would dete«rt a 
*I:f ^ -tensities of the specffic fre- 

quency oomponent contained in the tight ou^ from the three adjacent dispersion compensators, and detect the timino 
hlf/Z^'fr ™'"-«'9"*' "flW when the intensity ratio of two wavelengths bracketing the optimum wavelength 
5b l??^ " 'lu'" f«P°"«« tothe changeover command from the monitor 75. the output wavelength contrcS 
!!Z L T ^ " '"^ * ^" '""^ -^"-e'flnal light v»uH be 

shifted by one wavelength spacing toward the side of shorter or longer wavetength. smwouKJoe 

Ck-5) Third modification of second embodiment 

Sic i« ^''^'"l ^"V^ embodiment of wavelength mult(ple«ing, light generated from four adjacent light 
I! ^ *^ "^"^ °^ main-Signal light. However, light generated from four light sources that are not acSa 
cent but are staaaereel or enaced anari hvnna iinM u , „ .... ., . " 



f„ ISJ 1 f^""* °' f*'^ ^ «s •'^^ "9ht sources (see Fig. 70 

Lli^ r nf* T " **T ^ *^ """^'"^ IHjht aources). this arrangement is adopted, rt is possible to change over 
all four of the beams of maln-signal light by shifting of four beams of the main-signal fight collectively to neighborina 

trol of changeover is facilitated because the changeover is to wavelengths not being used In signai tranartission. 

(k-6) Third embodiment of wavelength multiplexing 

fSi?^ ^tll^^^^"^"" illustrating an opfical transmission system according to a third embodiment in which var- 
^le-wavelerK^h flhtsou«^^ 

end no t;/rll%ZS^^^^ 72 for canbining l^ht of different wavelengths output by the data transmitters arji 
sending the resulting light to the optical transmBSion tine 30; the demultiplexer 73 for separating light which has been 

he data from the light of each of the wavelengths: the dispersion compensation control unit 75 for separately perlorm- 
^^^a^ cornpensation control of each of the multiplexed wavelengths; the dispersion monitoring signal transmit- 
!1 !: . monitoring signal receiver 77; and the output wavelength controller 78 which, on the basis of the 

wavelength of the light output from the transmitlere 71a • 71n. 
LTILipnlS '^11]"*"!! ^ variabte-wavelength light source WVL for outputting light of a varia- 

ble wavelength, and the external modulator EMD for modulating light by 40.Qbps data 

it^^JLnc^/^^r^ !f ^ ■ IT ^«^P^'='i^«"y cfispersion compensators 91 a - 9ln which compensate for 

: ^ir^i""*' "^"""'^ - ^ ^ ^^^^^length (e.g' the zert 

dispersion wavefength) and vovelengths Xa - of fight output from the variable-wavelength light sources WVL of the 
corresponding tranemitfers 71a - 71n: the optical titers 92a - 92n to which trte wavele JIs of the disoereion! 
nnHmflS K* V f * ^ wavelengths; the wavelength<lispemion monitors 94a - 94n for detecting and 

ou^utting the intensity of a specific frequency component (the intensity of the 40-GHz component) contained in the dis- 
«2 ^ "u^^*= '''''^^'^ ^ ' "Th* wavelength-dispersion monitors g4a -94n are 

each constituted by a pholodiode (PD), bandpass filter (BPF). amplifier and power meter 

L * The dispersion compensation control unit 75 (1) performs dispersion compensation control separately for 
^nl .I^tr ?f f J""'"'""'*^' - X, and (2). on the basis of the results of control, instructs the o%.ut vlve- 
ength controller 78 of the wavelengths of light output fnjm the transmitters 71a - 71n and chanoes the carter wave- 
engJo,«ieop^calfilters92a 

unrt 75 changes the wavelength of light from the variable-wavelength light sources WVL separately on a per^ransmitter 
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basis via the output wavelength controller 78, detects the optimum wavelength for which the intensity of a specific fre- 
quency conponent, which is contained in the baseband spectrum signal of the received indicates the minimum 
value, and instructs the output wavelength controller 78 to change over wavelength in such a manner that light of the 
optimum wavelength will be output. In response to being so instructed by the dispersion conpensation control unit 75, 
6 the output wavelength controller 78 controls the wavelength of the light from the variabte-wavelength light sources WVL 
individually on a per-transmltter basis. 

[0223] The foregoing is for a case where the receivers 74« - 74n are respectively provided with the wavelength-dis- 
persion monitors 94a - g4n, and the dispersion compensation control unit 75 controls the wavelengths of the transmit- 
ters 71a - 71 n Individually. However, an arrangement can be adopted in which a vravelength-disper^on monitor is 
TO provided in only one receiver and controls the wavelengttis of all of the transmitters 71a - 71n. Fig. 73 is a diagram of 
an optical transmission system representing such a modification. Here only the receiver 74n is provided with a wave- 
length-dispersion monitor, which Is monitor 94n. 

[0224] The dispersion compensation control unit 75 changes the wavelength of light from the variable-wavelength 
light source WVL of transmitter 71 n via the output wavelength controlier 78, detects the optimum wavelength tor which 

IS the intensity of a specific frequency component, which is contained in the baseband spectrum signal of the received 
light, indicates the minimum value, calculates the difference A*, between this and the optimum wavdei^th thus far, and 
instructs the oi^ut wavelength controller 78 to change the wavelength of light, which is output from each of transmitters 
71a ■ 71 r», by an amount equivalent to AX. In response to being so instructed by the dispersion compensation control 
unit 75, the output wavelength conlrotlar 78 performs control so as to change, by AX, the wavelength of the light from 

20 the variable-wavelength light sources WVL of frie respective transmitterB. 

[0225] Thus, in accordance with the present invention, it is posstljte to compensate for wavelength dispersion by 
oulputting, to an optical transmission line which exhibits vravelength dispersion, light having a wavelength for which the 
transmission characteristic is optimum for tiiis wavelength dispersion, this being accomplished without using a tunable 
laser. 

2S [0226] In accordance with the present invantion. it is possble to arrange it so that neither signal interruption nor sig- 
nal degradation occurs at the time of wavelength switching even if a plurality of light sources having different wave- 
lengths are used, as when use Is made of a semlconduclDr array laser or a plurality of discrete saniconductor lasers. 
[0227] In acconiance with the present Invention. It is posabie to compensate for wavelength dispersion by using an 
arrayed waveguide giating (AWQ). a star coupler, a variable-wavefength filter or a light attenuator to change, in a simple 

30 manner, the wavelength Of light output to an optical transmission line. 

[0228] In accordance with the present invention, it is poasible to so arrange it that dispereion compensation can be 
can-ied out accurately by detecting zero<fispersion wavelength even in a case where a plurality of light sources having 
different wavelengths are used. 

10229] In accordance with the present invention, the light source of light output to an optical transmission line is 
35 changed over when zero-dispersion wavelength takes on a value intermediate the wavelengths of neighboring light 
sources, in a case where a plurality of light sources of dHferant wavelengths are used. As a result, it is possible to elim- 
inate or reduce signal delay before and after wavelength changeover and to prevent signal degradation. 
[0230] In accordance with the present invention, the wavelength of output light is minutely changed, thereby obtain- 
ing zero-dispersion wavelength and mal4ng it possible to compensate tor vravelength dispersion caused by aging. 
« [0231] In accordance with the present invention, monitoring light is multiplexed with main-signal light, whereby it is 
possible to readily detect whether zero-dispersion wavelength has shifted In the direction of long wavelength or short 
wavelength and whether zero-dispersion wavelength has become an intermediate wavelength between wavelengths of 
neighboring light sources. 

[0232] In aooordance wKh the present invention, the wavelength of monitoring light is made sufficiently distant from 
« the wavelength of main-signal light. As a result, four-wave mixing can be prevented from occurring. 

[0233] In accordance with the present invention, the polarizations of main-signal light and monitoring light are made 
orthogonal in a case where the monitoring light is multiplexed with the main-signal light and then transmitted. As a 
result, it is possible to improve detection predsion of, e.g., the direction of fluctuation of zero-disperston wavelength. 
[0234] In accordance with the present invention, cfisperaion compensation istBontrolled uting three waves, namely 
so main-signal light and two beams of monitoring light. As a result, it is unnecessary to constantly monitor an increase or 
decrease in the intensity of a specific component of each wavelength; it will suffice merely to compare the absolute val- 
ues of the intensities of specific components of three waves at a certain time. This ftidlitates contnsi of dispersion com- 
pensation. 

[0235] In accordance with the present invention, regardi ess of the feet that the characteristic of the intensity of Vne 
ss specific frequency component differs depending upon whether the optical modulation scheme is NRZ modulation, 
OTDM modulation or RZ modulation, wavelength dtspersion can be controlled in the case of NRZ modulation by detect- 
ing the minimum at the focrt of the peak of the characteristic of the intensity of ttie specific frequency component, in the 
case of OTDM modulation by detecting the valley between two peaks and in the case oi RZ modulation by detecting a 
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maximum value. 

S„„ P'^^ "mention, dispersion compensation can be controlled at the time of wave- 

length multiplexirg transmission. 

?l ™? "'"^'^^ embodiments of the present invention can be made without departing 

rom the spirrt and scope thereof, it is to be urxterstood that the Invention is rK>t limited to the specific embed™ 
thereof except as definedln the appended claims. ^ emDoaiments 

Claims 

1 . An optical transmitter having a wavelength dispersion compensating function, comprising: 

a plurality of light sources for outputting light having wavelengths that differ from one another- and 
opbcal output means ftor outputting. to an optical transmission Hne, light of a wavelength whose transmission 
optimum with regard to wavelength dispersion exhibited by this optical transmission line, the 
output light being obtained from light output by said plurality of iighl s 



JSliS*^ *° 1 ■ a semiconductor array laser Is used as said plurality of light 



^' ^urX^^m^cJ^'^"^ *° ^ ' ^ '""'^"^ °* semiconductor laeere are used as said 

L^'lKS"'"!?' ?'*!!?'"^ '° ^ ' "^"^^ to oPli^f transmission 

^."^^T^^ nearesttozeroKJispersion wavelength for which the wavelength dispersion value of 
the optical trartsmiesion line becomes zero, theoutjut light being obtained from light ou^jut by said plurality of light 



5. An optical transmitter fiaving a wavelerigth dispersion oonvansating function, comprising 

apluralBy of light sources for outputting light having wavelengths that differ from one another- 
SiLl™£"* outputting. to an optical transmissbn line, light of a wavelength wh^e transmission 

SZ^f^^hfhJ* 'T!^ *° wavelength dispersion exhibited by this optical transmission line, the 

oulput light being obtained from light output by said plurality of light sources; and 
II^S!l2lLS?Jr""^[°' "II* flenerated by said light sources and outputting this light 

^SJJi J"^ ^ *^ *»^''««ton line is changed, before start of operation of 

!ii?? ™ JT!^^ LI" ""^^ ^ ''^^ ^ wavelength whose transmission characteristic is optimum 

"^^"^ *^ *^ 'ine, and the light ha^Sg the 

detected optimum wavelength ts output to the optical transmission line during system operation 

ength whose transmission diaracieristic Is optimum with regard to wavelength dispersion exhibited by the optical 
transmission line; 

epficalSTsmisS llTO^^ wavelength detected by said wavelength detection means is output to the 

^" ^^l^h^llr^' w ""'"L®- detection means detects the optimum wave- 

length based n^on intensity of a specific frequency coniponent contained in a received baseband spectrum signal. 

8. The optical transmitter according to claim 7, wherein the specific frequency is a data bit-rate frequency 

^' JinSL^' *'^^^t^'f<=«"^'"9 to ^isi"^ S. further cornprising light attenuatofs disposed on an output side of 
respective ones of said light sources; uooi 
wherein said wavelength varying means changes the wavelength of light output to the optical transmission 
hne by controlling amcunt of light attenuation of each of said light attenuators transmission 

10. The optical transmitter according to dsim 5. wherein said optical output means includes: 
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multiplexing means for multiplexing light generated by eacii of said light sources: and 
a variable-wavelength filter for selecting and outputting a desired wav^ength; 

wherein said wavelength varying means changes the wavelength of light output to the optical transmission line 
by contrdling said variable-wavelength filter. 

11. The optical transmittBr according to claim 5, wherein the optimum wavelength is zero-disp^sion wavelength of the 
optical traismission line, and, during system operation, said optical output means outputs to the optical transmis- 
sion line light having a wavelength nearest to the zaroKiispersion wavelength, the output light being obtained from 
light output by said plurality of light sources. 

12. An optical transmitter having a wavelength dispersion conpensatlng function, corr^jrising: 

a plurality of light sources for outputting light having wavelengths that differ fromwie another; 
optical output means for changing wavelength of light, which Is output to an optical transmission line, by chang- 
ing over light generated by said plurality of light sources, and selecting and outputting light of a viravelength 
whose transmission characteristic is optimum with regard to wavelength dispersion exhfeited by this optical 
transmlGsion line; and 

a modulator for modulating the light, which is output from said optical output means, by transmitted data, and 
Bending the modulated light to the optical transmission line; 

said modulator modulating the light in such a manner that intensity of a specific frequency co*Tponent con- 
tained in a received baseband spectrum signal on the receiving side indicates an extreme value at zaro-disper- 
sion wavelength: and 

said optical output means changes the wavelength of light output to tie optical transmission line in order to 
detect the zero-dispersion wavelength or a wav^ength of a light source closest to the zero-dispersion wave- 
length before start of operation of an optical transmission system, and outputs light having the zero-dispersion 
wavelength or the wavelength closest to the zero<lispersion wavelength as main-signal light during system 
operation. 

1 3. The o0Bcsi transmitter aocofding to claim 12, wherein when light of the lero-dispersion wavelength is modulated, 
said modulator modulates the light in such a manner that the intensity of the specific frequency component con- 
tained In a received baseband spectrum signal on the receiving side becomes a minimum value. 

14. The optical transmitter according to claim 12, wherein when light of the zero-dispersion wavelength Is modulated, 
said modulator modulates the Kght in such a manner that the intensity of the specific frequency component con- 
tained In a received baseband spectrum signal on the receiving side becomes a maximum valua 

1 5. An optical transmitter having a wavelength dispersion compensating function, conpiising: 

a i^urality of light sources for outputting light having wavelengths that differ from one another; 
optical output means for outputting, to an optical transmission line, light of a wavelength whose transmission 
characteristic Is optimum with regard to wavelength dispereion exhibited by this optical transmission line, the 
output light being obtained from light output by sad plurality of light sources; and 

first wavelength varying means for varying the wavelength of the light output to the optical transmission line in 
order to detect a wavelength whose transmission characteristic is optimum with regard to wavelength disper- 
sion exhibited by this optical transmission line; 

wherein the fight having the optimum wavelength detected during operation of the optical transmission 
system is output to the optical transmlMion line. 

16. The optical transmitter according to claim 15. further comprising second wavelength varying means for changing 
over the light generated by said light sources and outputting this light to the optical transmission line, thereby 
changing the wavelength of light output to the optical transmission line; 

wherein the wavelength of light output to the optical transmission line is changed by the second wavelength 
varying means, before start of operation of an optical transmission sjstem, in order to decide a wavelength whoee 
transmission characteristic is optimum with regard to the wavelength dispersion exhibited by the optical transmis- 
sion line, and the light having the optimum wavelength is output to the optical transmission One and the wavelength 
of the light is varied by the first wavelength varying means during system operation. 

17. The optical transmitter according to cl^m 15. further comprising waveler^th detection means for detecting the 
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SKsSo^Tnr''''°" *° ^'WSion exhibited by the 

^ ^' Il'nntfhf !f ^"''"^'"^ *° '"'"^ ^ ^' wavelength detection means detects the optimum wave- 

length based upon .ntensrty of a speciiic Irequency component contained In a received baseband spectrum 

onSSt sotJi »ro-dispersion wa^length. the output tight being obtained from tight output by l^l, 

« ZlT"^ transmitter according to claim 19. further CQmprising Ilght-Bource changeover means which, when the 
zero-d.spersK,n «,avel6ngth has shifted to a wavelength irrtermedate the wavelen^ of a light sou^rtkl !i,er 
atesl^ht output to the opti«l transmission ine and ft^ 

so 21. The optical transmitter according to claim 20. wherein light output to the optical tranemrssion line Is chanaed amr 
^^^r?"^"""' interruption by gradually reducing amount of cu.eJ; Injected Tth^ preslTSStL^e 
and gradually increasing amount of current injected Into the neigttorlng light source. 

« ^' imeischanged 
n!!^^!!'^ T !?' '^"^ *° neighboring Hght source, light from the present light source and light from 
S nSSr^JS'"' f °"*r *° ^^^^^^^ simuteneously and then the out^t Sl^l 

the optical transmission line from the present light source is halted. 

!^ waveierisiilh varying means changes the wavelength of light output to the optical trans- 
mission line by controlling amount of light attenuation of each of said light attenuatgre. optical irans 

^ 24. The optical transmitter according to claim 16. wherein said optical output maaiv includes: 

mulUplexing means tor multiplexing light generated by each of said light sources: and 
a vanabie-wavelength filter for selecting and outputting a desired wavelength' 

Ifll!?!!!*'' wavelength varying means changes the wavelength of light output to the optical transmis- 
sion line by controllir^g said varlaWe-wavelenglh filter. Hi«"wanBmis 

25. An optical transmitter having a wavelength dispersion compensating function, corrprlsing: 

a plurality of light sources for outputting light having wavelengths that diffa- from one another- 
optical output means for outputting, as main-signal light to an optical transmtsston Hne^ light'of a wavelenath 
riZw 'T""!" Characteristic is optimum wrth regart to wav^ength dispe«ion ihiSted tJ^iToS 
fransm^ion line, the output light being obtained from light outpU by said plurality of light sources; and 
multiplajing means lor multiplexing, with the main-signal light, monitoring light for detecting a Celenoth 
iSs'^S^ner "'"^"''''^ "^"^ wavelengthlp'Sion extSSl^ Ws S 



Sgnd m ««^«'«"9t'i output to the optical tiansm-ssion line as the 

nS^H r'*"!, f "'m''^''^ ^'^''^ wavelength varying means for changing over the 

wavelength of light output to the optical transmission line; » a uic 

meanstltl?^!*"? 

means, before start of operatmn of an optical transmission system, in order to decide a wavelength whose trans- 
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mission characterislic is optknum witli regard to the wavelength dispersion exhibHed by the optica! transmission 
line, and the light liaving the optimum wavelength is output as main-signal light to the opScal transmission linedur- 
ing system operation, 

27. The optical transirttter according to claim 25, wherein said optical output means outputs, as main-signal light to the 
optical transmission line, light having a wavelength nearest to the zero-dispersion wavelength, the output light being 
obtained from light output by said pluraliljr of light sources. 

28. The opfa'cai transmitter according to daim 27, f urthw comprising light-source changeover means which, when the 
zertKllspersion wavelength has shifted to a wavelength intermediate the wavelength of a light source that gener- 
ates maln-si^ial light output to the optical transmission line and a light source that generates monitoring light 
neighboring this light source, is for changing over the main-signal light from a present light source to the neighbor- 
ing light source without instantaneous interruption of light. 

29. The optical fransmitter according to daim 28, wherein light output to the optical transmission line is changed over 
without instantwieous interruption by gradually reducing amourrt of current injected into the present light source 
and gradually increasing amount of current Injected into the neighboring light source. 

SO. The optical transmitter according to daim 28. wherein when light output to the optical transmission line is changed 
over from the present light source to the neigWwring light source, light from the present light source and light from 
the neigWoring light source Is output to the optical transmission line simutanaousfy and then the output of light to 
the optical transmission line from the present Ught source Is halted. 

31. The optical transmitter according to claim 26. further comprising light attenuators disposed on an outout side of 
respective ones of said light sources ; 

wherein said wavelength varying means changes the wavelength of light output to the optical transmission 
line by controinng amount of light attenuation of each of said light attenuators. 

32. Ttie optlcai transmitter according to claim 26, wherein said optical output means includes: 

multiplexing means for multiplexing Rght generated ty each of sakl light sources; and 
a variaWe-waveiength filter for selecting and oulputting a desired wavelength; 

wheran said wavelength varying means changes the wavelength of light output to the optical transmission line 
by controlling said variable-wavelength filter. 

33. The optical transmitter according to claim 25. further conprlsing: 

means tor making polarization of signal light and polarization of monitoring light orthogonal: and 
means tor maintaining the polarizationG of the signal light and monitoring tight. 

34. The optical transmitler according to claim 25, wherebi the monttoring light Is light generated by a light source neigh- 
boring, in terms of wavelength, a light source that generates main-signal Hghl. 

35. The optical transmitter aceoidtng to daim 2S, wherein the monitoring light Is light genenrted fay a light souree wrtiich 
IS sufficienlty remote, in terms of wavelength, from a light source that generates main-«ignat light. 

36. Hie optical transmitter according to claim 25. wherein flie monHoring light is Rght generated by a light source eKdu- 
avely for monitoring of wavelength dispersion. 

37. The optical transmitter according to daim 25, further comprising wavelength detection means ibr defecting the 
wavdength whose transmission characteristic is optimum with regard to wavelength dispersion exhibited by the 
optical transmission line; 

wherein Rght having the optimum wavelength detected by said wavelength detection means is output to the 
optical transmission line. 

38. The optical transmitter according to claim 37, wherein said wavelength detection means detects the optimum wave- 
length based upon intensity of a specific frequency compoient contained in a received baseband spectrum signal. 
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. An optical transmission sjffitem having a wavelength dispersion compensating function, comprising: 

a plurality of lig^it sources for generating light having wavelengths that differ from one another- 

of*;al output means for outputUng, to an opticai transmission line, prescribed light obtained from light gener- 

atad lay said plurality of light sources; 

riS^i*" u "^'"^ ""^^ "^^"^'"3 °^ "9'^' generated by said light sources and outputting this light 
tott» ophcai transmission line, thereby changing the wavelength of light output to the optical transmission line; 

wavelength detection means for detecting the wavelength whose transmission characteristic is optimum with 
regard to wavelength dispersion exhbited by the optical transmission line; 

wherein the wavelength of light output to the optical transmission line is changed by the wavelength varyino 
means and a wavelength whose transmission characteristic is optimum with regard to the wavelenath disoer- 

SSrfnJJhT^H ""^ ^^^^ 

eyaem, and the light having the detected optimum wavelength is output to the optical transmission Rne during 
system operation. " 

The system according to claim 39, wherein the optimum wavelength is zero-dispersion wavelength, and said optical 
output means outputs to the optical transmission line light having a wavelength nearest to the zero-disoereion 
wavelength, the output light being obtained from light output by said plurality of Bght sources. °-*'«P''™«'" 

An optical transmiesion system having a wavelength diepeision compensating function, comprising: 

a plurality d light sources for generating light having wavelengths that differ from one another- 

optical output means for outputting, to an optical transmission line, prescribed light obtained from liaht oener- 

aled by said plurality of light sources; "«i-nea irom iigni gener 

"OJ^T' "u^""""^ "P*''^' '^"^ '° ''^erthe light generated by said 
light sources, thereby changing the wavelength of light output to the optical transmission line- and 

^T^"^ ""^"^ cletecting-a wavelength whose transmission characteristic is opti- 
mum with regard to wavelength dispereion exhibited by the optical transmission line, based upon intensity of a 
specific frequency component contained in a baseband spectrum signal of received light- 
vjherein before start of operation of the optical transmission system, said wavelength varying means changes 
the wavelength of light output to the optical transmission line by controlling changeover of l^ht generated S 
r„nni;'wT'.'t ^"^ oPti^-^^^ength detecting means detects' as cptimum wavelet 
length for which the intensrty of the specific frequency component contained in the baseband spectrum signal 
of received light is minimum; and ^ " 

during system operation, the light of the detected optimum wavelength is output to the optical transmission line. 
An optical transmission system having a wavelength diversion compensating function, corrprialng: 

a plurality of light sources for generating lisht having wavelengths that differ from one another- 
optlcaJ output means for outputting, io an optical transmission Rne, prescribed fight obtained from amona liaht 
generated by said plurality of light sources. wn« irgm among iignt 

wavelength varying means for controliing said optical output means to change over the light generated by said 
light sources, thereby changing the wavelength of light output to the opticai transmission line- 
optimum-wavelength detecting means for detecting a wavelength whose transmission characteristic is opti- 
mum with regard to wavelength dispersion exhibited by the optical transmission line, based t43on intensity o^ a 
Bpecric frequency component contained in a baseband spectrum signal of received light; and 

fnTrtThlSlJhTrhTc' "^'"^ ^"^ '^''^ <^!n^"'"-«3v«'«n9* detecting means, for furnish- 
^ ^ ! dispersion conforming to a wavelength differ#ice between a wavelength for which the 
Irterreity of the specific frequency component is maximized and a wavelength fbrwhich the intensity of the soe- 
cific frequency component is minimized; 

t.^TT'^lTr t'^Z^^°" V^" ^^"^"^^^ wavelength varying means changes 

the wavelength of light output to the optical transmisaion line by changing over light generated by said liaht 
l^T'*^ ^"'"^ optimum-wavelength detecting means defects a wavelength X„ tor which the intensity of ttie 
specrfic frequency component contained in the baseband specfnjm signal of received light, which enters via 
said dispersion add-on means, is maximum; and 

during system operation, light is output to the optical transmission line so that the wavelength of light that 
enters said optimum-wavelength detecting means via said dispersion add-on means becomes Xm. 
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43. The system according to d^m 42, wherein a bit-rate frequency signal necessary for receiving data is generated 
from an output side of said dispersion add-on means. 

44. An optical transmission system having a wavelength dispersion compensating function, comprising: 

a plurality of fight sources for generating light having wavelan0hs that differ from one anotfier; 

Optical output means for oulputting. to an optical transmission line, prescribed light oljtained from among light 

generated by said plurality of light sources; 

wavelength varying means for controlling said optical oidput means to change over the light generated by said 
light sources, thereby changing the wavelength of light output to the optical transmission line; and 
optimum-wavelength detecting means for detecting a wavelength whose transmission characteristic is opti- 
mum with regard to wavelengtti dispersion exhibited by the optical transmission line, based upon intensity of a 
specific frequency component contained in a bastiaand spectrum signal of received light; 
wherein before start of operation of the optical transmission system, said wavelength varying means changes 
the wavelength of light output to the optical transmission line by changing over Hght generated by said light 
sources, and said c^timum-wavelength deteoflng means detects, as optimum wavelength, a wavelength tor 
which the intensity of the specific frequency component contained in the baseband spectrum signal of received 
light is maxinnum; and 

during system operation, the light of the detected optimum wavelength Is output to the optical transmission line. 

46. An optical transmission system having a wavelength dispersion compensating function, comprising; 

a plurality of light sources for generating light having wavelengths that differ from one another; 

optica! output means for outputting, to an optical transmission line, presaibed light obtained from among light 

generated by said plurality of light sources; 

wavelength varying means for conlrolling said optical output means to change over the fight generated by said 
light sources, thereby changing the wavelength of light output to the optical transmission line; 
oplimimnravelength detecting means for detecting a wavelength whose transmisdon characteristic Is opti- 
mum KHth regard to wavelength dispersion exhiiited by the optical trananissten line, based upon intensity of a 
specific frequency component contained in a baseband spectrum signal of received light; and 
dispersion add-on means, which is provided in front of aaid optimum-wavelength detecting means, for furnish- 
ing received light with dispersion conforming to a wavelength difference between a wavelength for which the 
intensity of the specific frequency component is maximized and a wavelength lor wfiich the intensity of the spe- 
cific frequency component is minimized; 

wherein before start of operation of the optica! transmission system, said wavelength varying means changes 
the wavelength of tight output to the optical transmission line by changing over light generated by said li^ 
sources, and said optimum-wavelength detecting means detects a wavelength i^i„ for which the intensity of 
the specific frequency component contained in the baseband spectrum signal of received light, which enters 
via said dispersion add-on means, is minimum; and 

during system operaton, light is output to the optical transmission line so that the wavelength of light that 
enters said optimum-wavelengtii detecting means via said dispersion add-on means becomes m. 

46. An optical transmission system having a wavelength dispersion compensating function, conprising: 

a plurality of light sources for generating light having wavelengths that differ from one another; 

optical output means lor outputting, to an optical transmission line, prescribed li^ obtained from among light 

generated by said plurality of light sources; 

first wavdengih varying means (or (^nging over the light generated by said light sources and outputting this 
light to the optical transmission line, thereby changing the wavelength of fehl output id the optical transmission 

line; 

second wavelength varying means for varying tie wavelength of the light output to the optical transmission line 
in order to detect a wavelength whose transmission characteristic Is optimum with regard to wavelength disper- 
sion exhibited by this optical transmission Bne; and 

wavelength detection means for detecting the wavelength whose transmission characteristic is optimum with 
regard to wavelength dispersion exhibited by the optical transmission line; 

wherein, before start of operation of the system, light generated by the light sources is changed over to change 
the wavelengtti of light output to the (qsttcal transmission line, and wavelength lor whldi the transmission char- 
acteristic Is optimum is detected; and 
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during system operation, the light having the detected optimum wavelength Is output 1o the opUcal transmission 
line, the wavelength of this light is varied Ijy the second wavelength varying means to detect variation of the 
sion™T ^ ^'^^ ^^'"^ detected optimum wavelength is output to the optical transmis- 

47. The system according to claim 46, wherein the optimum wavelength is zero-dispersion wavelength and said optical 
^r^lllL^I'^-I^L!"! transmission line l^ht having a wavelength nearest to the zero-dispersion 
wavelength, the output light being obtained from light output by said plurality of light st 



) 48. An optical transmission system having a wavelength dispersion compensating function, compriBlng; 

a plurality ot light sources for generating light having wavelengths that differ from one another' 
optical output means for outputting, as main-signal light to an optical transmission line, prescribed llaht 
obtained from among light generated by said plurality of light sources; 
■' wavelength varying means tor changing over the light generated by said light sourx^e and outputting this light 

tome opBcat transmission line, thereby changing the wavelength of light output to the optical transmission line; 

rnullipleMng means for multiplexing, with the main-signal light, monitoring light for detecting a wavelength 
Whose transmission characteristic is optimum with regard to wavelength dispersion exhibited by the optical 
' transmission line; and 

wavelength detection means for detecting a wavelength whose transmission characteristic is optimum with 
regard to wavelength dispersion exhibited by the opticBl transmission line; 

wherein, before start of operation of the system, light generated by the ligfrt sources is changed over to change 
the wavelength of light output to the optical transmission line, and wavelength for which the transmission char- 
acteristic is optimum is detected; 

when the system is operating, the light hawng the detected optimum wavelength is output as main-signal light 
to the optical transmission line and monitoring light is multiplexed with this main-signal llghf and 
optimum wavelength during system operation is detected, the light having this optimum wavelength is output 
as riaw main-signal light to the optical transmission line, and monitoring light is multiplaxed with this main-sia- 
nal liQfrt. 

49. Thesystem according to claim 48. wherein the optimum wavelength is zero-dispersion wavelength, and said ootical 
output means outputs to the optical transmission line light having a wavelength nearest to the zaro-diswreion 
wavelength, the output light being obtained from light output by said plurality of light sources, 

50. The system according to claim 49, wherein said wavelength detection means detects the optimum wavelength 
J^J^" intensity of a specific frequency componem contained in a received baseband spectrum signal be^re 
start of operation of the system. 

J^ttrJTH^'? *lfT/^' «™length detection means 

detects 0) direclron ^ which the zero-disperelon wavelength fluctuates and (2) the faiA that the zero-dispersion 
w^2!!2 ,11° ' "^^^^Sth intermediate wavelength of the light source of the main-signal light and 

wavelengtti of the neighboring light source, these being detected from intensity of a specific frequent conjjonenl 
in a baseband spectrum signal of the received main-signal light and intensity of a specific frequency component in 
a baseband spectrum signal of monitoring light. 7^"v^nenim 

^' IJi!!!™ r'^'^"^*' V ' «^8ino means for changing over the main-signal light from a present 
hght source to a neighbonng light 80un;e without instantaneous interruplon of light when the zero-dispersion wave- 
ength has shifted to a wavelength intermediate the wavelength of the p^sent light source and the wavelength of 
tne neigriDoring ilgrrt source. 

S3. An optical transmission system having a wavelength dispersion compensating function, comprising: 

a plurality of light sources for generating light having wavelengths that differ fi-om one another- 
optical output means for outputtirtg. as main-signal light to an optical transmission line, light having a pre- 
scribed wavelength, the output light being obtained from light generated by said plurality of light sources- 
wavelength varying means for changing over the light generated by said light sources and outputting this lioht 
to the optical transmission line, thereby changing the wavelength of Bght output to the optical transmission line' 
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multiplexing means for selectinfl, as monitorina light, light generated by s prescribed light source and multiplex- 
ing the monitoring light with the main-signal light in order to detect a wavefength whose transmission charac- 
teristic is optimum with regard to wavelength dispersion exhibited by the optical transmisaon line; and 
wavelength-changeover detecting means for detecting timing of changecwer of the main-signal light at such 
time that a ratio between intensities of a specific frequency component contained in the main-signal light and 
in the monitoring light has attained a predetermined value. 

54. The system according to claim 53, wherein when main-signal light is changed over, monitoring light is changed over 
to main-signal light and main-signal light is changed over to monitoring light. 

55. The system aooording to claim 54, wherein said wavelength-changeover detecting means detects direction of fluc- 
tuation of zeiXKJiqjersion wavelength and a wavelength range In wNch zao-dispersion wavelength is contained 
based upon IntenGWee of a specific fraquency component oont^ned In each of main-signal light and monitoring 
light, arwl detects timing ol changeover of the monitoring ight at such time that zero-dispersion wavelength departs 
from a range of wavelengths ^toXg, where to represent wavelengths of the main-sign^ light and monitoring 
light, respectively. 

56. An optica transmission system having a wavelength dispersion compensating function, coitprising; 

a plurality of light sources tor generaf ng light having wav^engthe that differ from one another; 
optical output means for ou^sutting, as main-signal light to an optical transmission line, light having a pre- 
scribed wavelength, the output light being obtarned from light generated by said plurality of light sources; 
wavelength varying means for changing over the light generated by said light sources and outputting this Ught 
to the optical transmission line, thereby changing the wavelength of light output to the optical transmission line; 
multiplexing means for selecting, as monitoring light, light beams generated by two light sources and nujKiplex- 
Ing the monitoring light with the main-sign^ light in order to detect a wavelength whose transmission charac- 
teristic is optimum with regard to wavelength dispersion exhibited by the optical transmission line; and 
wavelength-changeover detecting means for detecting a wavelength range in which optimum wavelength is 
included by comparing intensities of a specific frequency component contained in the main-signal light and in 
the two light beams of monitoring light, and detecting timing of changeover of the main-signal light at such time 
that an intensity ratio of two wavelengths between wWch the optimum wavelengtti is sandwiched has attained 
a predetermined value. 

67. The system according Id dalm 56, v*erein when main-signal light is changed over, monitoring light is changed over 
to maii^yitfl ll{^t and main-signal light Es changed over to monitoring l«ht. 

58. The system according to claim 57, wherein said wawalenglh-changeover detecting means detects a wavelength 
range in which zero-di^sion wavelength is contained based upon Intensities of a specific frequency conponent 
contained in the main-signal light and in the two beams of monitoring light, and detects fimng of changeover of the 
monitoring i ight at such time that zero-dispersion wavelength has become shorter than or longer than all the wave- 
lengths of the main-signal light and of the two beams of monitoring Hght 

69. A wavelength multiplexing optical transmission system having a plurality of data transmitters, a multiplexer for mul- 
tiplexing light of different wavelengths output by these data transmitters and sending the resUUng light to an optical 
transmission line, a demultiplexer for separating light, which has been received from the optical transmission line, 
according to wavelengfii. and a plurality of receivers fbr identifying the data fmm the light of each of the wave- 
lengths, said system being provided with a wavelength-cEspersion compensating function which compensates fbr 
wavelength disperelon exhibited by the optical tranen^on line, wherein: 

t 

each data transmitter includes: 

a plurality of light sources for generating light having wavelengths that differ from one another; 
optica output means for outputting, as main-signal light to an optical transmissim line, light having a pre- 
scribed wavelength, the output light being obtained from light generated by sad plurality of light sources; 
wavelength varying means for changing over the Ught generated by said light sources and outputting this light 
to the optical transmission line, thereby changing the wavelength of light output to the optical transmission line; 
multiplewng means for selecting, as monitoring light, light generated by a prescribed light source and multiptex- 
tng the monitoring light vnth the maln-slgnai light in order to detect a wavelength whose transn^ssion charac- 
teristic is opUmum vwth regard to wavelength dispersion exhibited by the optical transmission line; and 
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an optical modulator for modulating the multiplexecJ light by transmitted data and outpufling the modulated light; 
each receiver includes; 

a dispersion compensator tor compensating for a dispersion produced by a wavelength difference between 

detecting means lor detecting timing of changeover of the main-signal light at such time that a ratio between 
.rZTli^ ' " '^.^'^ "'^f^'"' dispersion-compensated main-signal 

in the dispersion-compensated monitoring liglit has attained a predetermined value. 

^' t^^^"^ multlf^flxing optical transmission system having a wavelength<iispereion compensating function 
which compensates for wavelength dispersion exhibited by an optical transmission line, comprising 

a pluralfty of transmitters for modulating light by transmitted data and transmitting the modulated llahf 
an ou^ wavelength controller for controlling the wavelength of light output from each transmitter 
a multiplexer for multiplexing light of different wavelengths output t>y respective ones of said trans'mitierfi «nri 
sencing the resulting light to the optical transmission line; ' ^ " ™ transmrtlers and 

ad^m^Wplexer for separating light, which has been received from the optical tiansmission line, according to 
a pfurality of receivers for identlfylrig the tranemitted data from optical signals of the respective wavelengths; 

^nitor tor transmftting. lo said output wavelength controller, a wavelength control signal which 
controls the wavelength of Itght o^ut from each transmitter based upon intensity of a specific frequerKv com 
ponentcontamedineajr^^^^ 

™ wave^ngths of the light output from all transmitters based upon intensity of a spS: freS^S^ 
cornponent contained in a received optical signal of one prescribed wav^ength; wherein ^ ^ 

aacn of said tranamitters includes: 

each of said receivers includes: 

a dispersion compensator for compensating for dispersion produced by a wavelength difference between zero- 

dwon wavelength and the wavelength of light output from the tranLtterthat'orr^^^^^^^ 

a data receiver for identifying the transmitted data from an optical signal output by said dispei^ion compensa- 

Sa^SrlT "^IS- '^'^^^m, to said oulpirt wavelength controller, a signal which controls the wave- 
^ngjo^ a corresponding transmittef or the wavelengths of all transrritteis based upon the Intensltv- J a Re- 
cife frequency component detected Ijy said detector of the receiver; and » «mien5ii>oraspe 

of each transmrtter based upon the wavelength control signal received fi-om said dispersion monitor 

!™!J T ' . ^ separating light, which has been rdbeived from the optica! transmission liS 

iS?ewavlZh'"*w'^'^ 

of the wavelengths, said system being provided with a wavelengfh-disperBion compensating function which c^ 
pensates for wavelength dispersion exhibited by the optical transmission line, wherein: 

each data transmitter includes: 

a plurality of light sources for generating light having wavelengths that differ from one another- 
optical output m^ns for outputting. as main-signal light to an optical transmission line, light havina a ore- 
sffjbed wavelength, the output light being obtained from light genemted by said pluralrty of Shi sSs 
wavelength varyrng means for changing over the light generated by said light sources^ndou^^^^ 
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to the opiical transmission line, ttiereby cliangirtg the wavelength of the main-signal Bght output to the optical 
transmission line; 

multiplexing means for selecting, as monitoring light, light beams generated by two light sources and multiplex- 
ing the monitoring light with the main-signal light in order to detect a vravelength whose transmission charac- 
teristic is optimum with regard to wavdength dispersion exhibited by the optical transmission line; and 
an optical modulator for modulating the multiplexed fight by the transmitted data and outputting the modulated 
light; and 

each receiver includes: 

a dispersion compensator for compensating for a dispersion produced by a wavelength difference between 
zero-dispersion wavelengtin and a wavelength of light generated by a prescribed light source of the transmitter 
that corresponds to the receiver; and 

detecting means tor detecting a wavelength range in which optimum wav^ength is included by comparing 
intensities of a specific frequency component contained in the dlspenslon-oompensated main-s^nal light and 
in the two dispersion-compensated light beams of rrwiilDring light, and dstecting timing of (^langeover of ttw 
main-signal ight at such time that an intensity ratio of two wavelengths between which the optimum wavelength 
is sandwiched has attained a predetermined value. 

62. A wavelength multiplexing optical transmission syst«n having a transmitter, an optical transmission line and receiv- 
ers, said system being provided with a wavelength-dispersion compensating function which compensates for wave- 
length dispersion exhibited by the optical transmission line, eaid system comprleing: 

a plurality of light sources for generating light having wavelengths that differ from «ia another; 

means fa selecting, as main-signal light, n-number of beams of light from light generated by said plurality of 

light sources; 

opiical modulators for modulatng each of the selected beams of main-signal light by n-number of items of 
transmitted data and outputting the modulated light; 

a multiplexer for muttv>lexing the tight output from said optica) modulators and sending the multiplexed light to 
the optical transmission line; 

a demultlpleKer for separating light, which has been received from the optical transmission line, according to 
wavelength; 

n-number of diqjerslon compensators for compensating fbr dispsrsion produced by wavelength differences 
between zero-dfsper^on wavelength and each wavelength of light generated by said n-number of light 
sources; 

receivers for identifying the transmitted data from optical signals output by each of said dispersion compensa- 
tors; and 

detecting means for detecting timing of changeover of the n-number of beams of main-signal light at such time 
that a ratio between intensities of a specffic frequency component contained in light output from two adjacent 
dispersion oompeneatore has attained a predetemilned value; 

whertf n when the main-signal light is changed over, said means for selecting the main-signal light changes 
over the main-signal light in such a manner that all n-number of the beams of main-signal light are shifted one 
wavelength spacing toward the side of shorter or longer wavelength. 

63. The system according to claim 62, wherein said means tor selecting the main-signal light selects n-number of 
beams of light of every other wavelength as main-signal light and, when the main-signal light is changed ovw. 
changes over the main-signal light in such a manner that all n-number of the beams of main-signal tight are shifted 
collectively to neighboring unused wavelengths on the Me of shorter or longer wavelength. 

64. A vinvelength multiplexing opticai transmission system having a transmitter, an optica transmission line and receiv- 
ers, said system being provided with a wavelength-dispersion compensating f enction which compensates for wave- 
length dispersfon exhibitad by the optical transmisaon line, said system comprising: 

a plurality of Bght sources tor generating light ha\ring wavelengths that differ from one another; 
means for selecting, as main-signal light, n-nun*sr (n s 3) of beams of light from light generated by said plu- 
rality of light sources; 

optical modulalcH^ for modulating each of the selected beams of main-signal light by n-number of items of 
transmitted data and outputting the modulated light; 

a multiplexer for multtpiexing the light output from said optical modulators and sending the multiplexed light to 
the optical transmission line; 
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a demulliplBxef for saparating light, which has been received fn)m the optical transmission fine, accoreling to 

n-number of dispersion oompensatore for compensating for dispersion produced by wwelenoth ditterences 
s 2™" «ro-d,spersion wavelength and each wavelength of light generated by said n-number of light 

rweivers for identifying data from optical signals output by each of said disperaion compensators- and 
S^ndZ'ir"^ for delecting a wavelength range in which optimum wavelength is included by comparing 
.^"!]°^u"''"^°"^* "9'^* °"*P^ fr"'" ^^'^^ adjacent dispersion oorrpen 

. ' ^ 0* Changeover of the main-signal light at such time that an intensity ratio of two 

? ^'^ '^"^ wavelength is sandwiched has attained a predetermined value- 

wfieran when the main-stgnal light changed over, said mearjs tor selecting the main-signal light charK.es 
over ttie main-signal light in such a manner that all n-number of the beams of main-signai iiahf are shifted one 
wavelength spacing towaret the side of shorter or longer wavelength. ^ 

b^n^ of light of every other wavelength as maln^ignal light and, when the main-sigral light is changed over 
collectively 10 neighboring unused wavelengths on the side of shorter or longer wavelength. 
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